


Robert L. Land, Jr., Class of ’51, 


speaks from experience when he says, 


U.S. Steel offers thorough training... 
exposes the graduate engineer to many 
interesting phases of the steel industry 


 anggg L. LAND, JR., graduated with a 
\ BS. in Chemical Engineering in Febru- 
ary 1951. He had previously been inter- 
viewed by U.S. Steel college recruitment 
representatives and had been offered a job 
He began working in the Coke Plant at the 
Gary, Indiana Works of U.S. Steel immedi- 
ately after graduation 

After extensive training and several pro 
motions, Bob was made General Heater 
Foreman on November 1, 1954. This ex 
ceedingly important job makes him re 
sponsible for the proper heating and the 
quality of all coke produced at the Gary 
Works—the second largest coke plant in 
the world—with 16 batteries of coke ovens 
producing 15,000 tons daily. He has a crew 
of 60 and 8 foremen working under him. 

Bob feels that U.S. Steel really gets the 


young graduate engineer off to a good start 


with a well-planned and complete training 
program. He says, “U.S. Steel offers the 
graduate engineer an excellent chance to 
work in a number of different fields.” 

This enables the graduate who has not 
decided on his exact field to look around 
the big steel industry from within and to 
find the type of work that suits him best. 
After a man is given the chance to really 
find himself and has been adequately 
trained, “U.S. Steel offers security and an 


unlimited possibility of advancement pro- 


newspaper for time and station. 


UNITED STATES ST 


SEE THE UNITED STATES STEEL HOUR. It’s a full-hour TV program 


presented every other week by United States Steel. Consult your local 


viding the engineer shows initiative and 
the willingness to work.” 

If you are interested in a challenging 
and rewarding career with United States 
Steel and feel that you can qualify, you 
can obtain further information from your 
college placement director. Or we will 
gladly send you our informative booklet, 
“Paths of Opportunity,” upon request. Just 
write to United States Steel Corporation, 
Personnel Division, Room 1622, 525 Wil- 


liam Penn Place, Pittsburgh 30, Pa. 
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Jim O'Hara (left) works out a problem with a member of his crew 


His territory: 


TWO CITY BLOCKS 


“I’ve got to know about each of these jobs that 


James O'Hara, Stevens Institute of Technology 
(M.E. °51), is an installation foreman for the New 
York Telephone Company. His present assignment 
is two city blocks between 45th and 47th Streets in 
the middle of Manhattan. 


“It doesn’t measure very big horizontally,” Jim 
says. “But vertically it makes up a lot of telephone 
business —7500 telephones to be exact. My eight- 
man crew does everything from installing a single 
telephone to working on complete dial intercom sys- 
tems for some of the nation’s biggest businesses. 


You'll find that most other college men with the tele- 
phone company are just as enthusiastic about their ae 


my men do. My training with the tele ~phone com- 
pany took me through the installation, repair and 
testing of the various types of telephone equipment 
and service for which I am responsible. I even 
had a chance to do a little experimenting of my 
own and developed a new way of preventing oil 
seepage on automatic switching equipment. I 
understand it’s being written up for use throughout 
the Bell System. 


“That’s what I| like about telephone work. Even 
two city blocks are full of opportunity.” 


® 


jobs. If you’d be interested in a similar opportunity 


with a Bell System telephone company—or with Sandia 
Corporation, Western Electric or Bell Telephone Lab- 


BELL TELEPHONE 
SYSTEM 


oratories, see your Placement Officer for full details. 
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” Reading for Young Engineers 






Les handsome, hefty and helpful—and you can probably borrow a 





copy at your school library or placement office. 






Just ask for “Job Opportunities in General Motors.” 





You'll find page after page of down-to-earth information about 
General Motors, the way we operate, the kind of young engineers 


we seek, and why so many of them enjoy rewarding careers with us. 







Each GM division describes its products, the locations of its plants, 


the opportunities that are open, and the training programs offered 






to college graduates. 






It’s 136 pages, 8'2” x 11”. in color. In fact. it’s the next best 





thing to actually paying us a personal visit—and we have a strong 
y pa} g 






suspicion you'll want to find out more about careers with GM after 






reading this handbook. 





If so, we suggest you arrange an interview with our GM College 


Representative, or write us directly. 









GM POSITIONS NOW AVAILABLE IN THESE FIELDS: 
ACCOUNTING © FINANCE « SALES « PRODUCTION SUPERVISION 
MECHANICAL ENGINEERING + ELECTRICAL ENGINEERING 
METALLURGICAL ENGINEERING «© INDUSTRIAL ENGINEERING 
CHEMICAL ENGINEERING 


GENERAL MOTORS 


Personnel Staff, Detroit 2, Michigan 
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Whether you’re in engineering, sci- 
ence, commerce or liberal arts, the 


DOW sales organization may offer 


just the future you’re looking for 








What About Your Future? 


Your opportunities for advancement are excellent because 
Dow is growing—continually building new plants, develop- 
ing new production operations—adding new products, 
opening new markets. 


Dow fits you for the job with a comprehensive training 
course which explains company organization, policy, 
finance, research, production, technical service and sales 
methods. 

You'll find that Dow is a friendly company. You'll discover 
that promotions are usually from within, from Dow's own 
staff. Seldom is an outsider considered for a top job at Dow. 
Moreover, you'll find a highly developed spirit of coopera- 
tion between men and departments. 


At Dow, your future can be more secure because of Dow’s 
diversification of products serving many different markets 


you can depend 
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—a real advantage if business slows—and certain to 
multiply opportunities as business expands. Also at Dow 
—group insurance, pension plans and employee stock 
purchase plans have been a tradition. 


If you or any of your friends majoring in other fields of 
study who have had pre-engineering or one year or more 
of college chemistry are interested in finding out more 
about a future at Dow, write to Dow’s Technical Employ- 
ment Department today. 


Dow’s Booklet, ‘Opportunities with The Dow 
Chemical Company,” especially written for 
those about to enter the chemical profession, is 
available free, upon request.. Write THE DOW 
CHEMICAL COMPANY, Technical Employ- 
ment, Midland, Michigan, or Freeport, Texas. 
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Supplying vital components and parts that are the 
“heart” of hundreds of industrial and consumer 
products of other manufacturers...that’s Sylvania’s 
“heart” business. 


It’s an extra stability factor that safeguards your 
long-range career plans! 


When you combine this fact with the company’s 
leading position as a manufacturer of such Sylvania 
consumer products as: television sets, radios, fluo- 
rescent, incandescent and photoflash lamps, you 
can readily see that Sylvania is a company with 
exceptional diversity. That’s why Sylvania can offer 
you the security you need for professional success. 


In the brief 53 years since its founding, Sylvania’s 
dedication to young, aggressive management (the 
average top executive age is only 45), has meant 
expansion into an organization of 45 plants, 12 


SYLVANIA’S 


imaBUSINESS 


. .HE ENGINEER 


laboratories in 11 states, with over 24,000 


employees. 


To keep pace with the demand for Sylvania’s prod- 
ucts, our engineering staff has more than doubled 
in the past 6 years. 1954 saw the addition of 2 new 
laboratories, the completion of a new television 
manufacturing plant, a TV picture tube plant, and 
the start of a new incandescent lamp plant. 


Diversity . . . stability . . . growth — these are the 
foundations that make Sylvania an excellent place 
to build your career in engineering. 


For detailed information on Sylvania’s program for 
graduating engineers, see your College Placement 
Office. Or send for our comprehensive booklet, 
“Today and Tomorrow With Sylvania” by writing 
to Supervisor of Technical Employment. 


Sylvania Electric Products Inc. Dan Broadway, New York 19, N. Y. 


LIGHTING © RADIO © ELECTRONICS © TELEVISION © ATOMIC ENERGY 
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A WONDERFULLY useful plastic called polyethylene* is 
now giving a new kind of protection to food that is on 
its way to your kitchen. 


WHEN FOOD IS PACKED in thin, strong bags of 
polyethylene, it is able to “breathe,” and yet not dry 
out. Because polyethylene has this peculiar adv antage, 
apples, carrots, and other fruits and vegetables—as w al 
as poultry and meat products—can reach your table 
more nearly farm-fresh than ever. 


POLYETHYLENE IS ONLY ONE of a number of plas- 
tics produced by the people of Union Carbide to help 
bring foods to you in prime condition. Some of these 
plastics coat cardboard for milk cartons and frozen 
food packages, while others line the tins for canned 
foods and beverages. 





Farm-fresh to you... 


How a remarkable plastic helps bring fresher food to your table 






























































SCIENCE “SETS A GOOD TABLE” These and other 
materials produced by UCC help protect food while 
growing, in storage, during preparation, when pack- 
aged for your use, and den stored in your pantry or 
refrigerator. This protection helps provide a more 
healthful diet for all Americans. 


STUDENTS AND STUDENT ADVISERS: Learn more about career 
opportunities with Union Carbide in ALLOYS, CARBONS, CHEMICALS, 
GASES, and PLAstTics. Write for booklet A-2. 


*Pronounced pol’y-éth’i-len 


Union CARBIDE 


AND CARBON CORPORATION 
30 EAST 42ND STREET [I] NEW YORK 17, N. ¥ 
In Canada: UNION CARBIDE CANADA LIMITED 


UCC’s Trade-marked Products include 


BAKELITE, VINYLITE, and KRENE Plastics 
EVEREADY Flashlights and Batteries 
SYNTHETIC ORGANIC CHEMICALS 


UNION Carbide 
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Dynel Textile Fibers 
LINDE Silicones 
ELECTROMET Alloys and Metals 


PYROFAX Gas ACHESON Electrodes 
PRESTONE Anti-Freeze 
HAYNES STELLITE Alloys 


LINDE Oxygen 
NATIONAL Carbons 
PrEstT-O-LITE Acetylene 
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the nuclear propulsion plant 


of the U.S.S. Nautilus 


by Commander L. H. Roddis, Jr. and J. W. Simpson 


To a first approximation, the amount of en- 
ergy that may be released within a reactor, and 
hence the amount of power that may be pro- 
duced thereby, does not depend upon the size of 
the reactor as determined by nuclear considera- 
tion. Any amount of power, from a few watts up 
to, hundreds of thousands of kilowatts of heat 
may be produced from any size reactor provided 
this energy can be removed from it. In the 
smaller reactors, it is interesting to note that the 
limitation on the power production is not a nu- 
clear one, but rather, one that is dictated by the 
ability of the engineer to remove the desired 
amount of heat from the small volume of the re- 
actor required by the nuclear consideration. 

The application of the heat released in the re- 
actor to the production of useful power, in gen- 
eral, is achieved through a conventional thermo- 
dynamic cycle. This does not, however, mean that 
this part of the system is necessarily identical 
with a similar cycle used for conventional chemi- 
cal fuels. Indeed, the reverse is almost always 
true because, when using conventional fuels, the 
engineer is given a temperature level of approxi- 
mately 3000 degrees F in the combustion gases 
with which to start. By proper design the mate- 
rials used to make the boiler tubes or gas-turbine 
blades can be considerably cooler than the com- 
bustion gases. 

In a nuclear reactor, almost the opposite is 
true. The materials in the core of the reactor 
proper must be the hottest in the entire system, 
and these are the very materials that have the 
most severe requirements already imposed on 


This article is part of a paper presented at the 62nd Annual Meeting 
of the Society of Naval Architects and Marine Engineers, held No 
vember 12, 1954, 


them as regards neutron absorption, radiation 
damage, strength, and corrosion. Furthermore, 
at least in the case of the mobile power plants, 
where efficiency normally means increased cruis- 
ing range and decreased fuel consumption, one of 
the really big incentives to go to a higher tem- 
perature, and therefore a more efficient power 
plant, is lacking. The weight of the nuclear fuel 
itself is an almost inconsequential part of the 
total weight of a nuclear power plant. Thus im- 
provements in efficiency do not mean that the 
ship will have significantly increased cruising 
range as is true in the case of conventional fuels. 
These factors add up to the fact that the “con- 
ventional” power-plant end of a nuclear power 
plant usually operates at the lowest possible tem- 
perature. 

The thermodynamic cycle chosen for the Sub- 
marine Thermal Reactor was in fact one that per- 
mitted operation at just about the minimum tem- 
peratures that would allow the generation of use- 
ful power. The cycle selected for the Submarine 
Thermal Reactor uses ordinary water maintained 
under high pressure, so that it does not boil, to 
transfer heat from the reactor into a steam gen- 
erator. This generator is basically a_shell-and- 
tube-type feedwater heater. Ordinary boiler wa- 
ter at relatively low pressures on the other side 
of the tubes (from the primary coolant) boils 
and forms steam, which is used to drive steam 
turbines for propulsive power and to generate 
electricity to meet auxiliary electrical require- 
ments. 

Some of the problems that have been met can 
be understood by locking at the general break- 
down of funds spent in nuclear engineering over 
a number of years and covering several projects 
including the STR. Roughly, 28.1 per cent has. 
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gone into mechanical engineer- 
ing, including heat transfer; 
56.8 per cent has gone into met- 
allurgy and metallurgical engi- 
neering work; 11.2 per cent has 
gone into theoretical and experi- 
mental work; 11.3 per cent has 
gone into electric and electronic 
engineering development; 6.9 
per cent has gone into chemis- 
try and chemical engineering, 
and 5.7 per cent has gone 
into operational engineering and 
testing. The predominant effort 
clearly has been in fields of 
specialization other than phys- 
ics. 
STR Power Plant 

The equipment to be mounted 

in the hull of a nuclear-powered 
submarine is so functionally in- 
terrelated that it must be con- 
sidered as a single power plant. 
However, it requires hull space 
of such size that it was neces- 
sary to divide it into two physi- 
cally separated compartments 
to provide adequate water-tight 
integrity in the event of battle 
damage to the submarine hull, 
Fig. 2. 

The reactor compartment contains the nuclear 
reactor, all steam-generating equipment, and the 
auxiliary systems. The engine room contains the 
propulsion equipment, all steam-driven items, as- 
sociated control panels and switchgear, as well as 
the main control point for the equipment in both 
submarine compartments, 

The primary coolant system, located in the re- 
actor compartment, consists of a reactor pressure 
vessel, which contains a nuclear reactor and cool- 
ant loop, Fig. 4. The water coolant (called pri- 
mary water), which is also the moderator, is cir- 
culated by canned-motor type pumps through the 
reactor vessel to be heated, and then through the 
steam generators for transfer of heat to the wa- 
ter on the secondary side. The wet steam rises to 
the steam separator where the water is removed, 
providing dry and saturated steam. 

The coolant loop is provided with stop valves 
to permit isolation of parts for 
maintenance purposes. 

From the separator the steam 
is carried through pipes that 
penetrate the bulkhead and di- 
verge in the engine room to sup- 
ply steam to the main propul- 
sion turbine and to the ship’s 
service turbine-generator sets. 

Condensate is pumped back to 
the steam generators. 
General Plant Layout 

Reactor Compartment — The 
reactor vessel is located verti- 
cally in the compartment. In the 
lower part of the compartment 
are the primary coolant pumps. 

Outboard of the pumps is the 
steam-generating equipment. In 
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the upper part of the compartment, above the 
steam-generating equipment, is the steam sep- 
arator, from which emerge the main steam head- 
ers that lead aft to the engine room. Aft of the 
main pumps is located the pressurizer unit, 

These components outline the main areas in 
the reactor compartment. The areas between 
them are filled with secondary equipment and re- 
lated piping and cables, electrical and pneumatic 
control panels, valves, motor-generator sets and 
instruments. 

Engine Room—The engine room is located ad- 
jacent to and aft of the reactor compartment. 
This space is divided into upper and lower levels. 
Each level is provided with a walkway running 
fore and aft along the horizontal centerline. Com- 
ponents also have to be located on intermediate 
levels because Of their varying size. These inter- 
mediate levels are accessible from either the 














lower or upper level. 
Primary Coolant System Components 

Reactor Vessel—The reactor vessel houses the 
nuclear core. The shell is fabricated from carbon 
steel. 

Thermal Insulation—The thermal insulation in 
the reactor compartment is conventional in type. 

Steam Generators—The steam generator trans- 
fers the heat energy of the radioactive primary 
water to nonradioactive steam. In operation, the 
primary water enters the forward end of the 
steam generator, and passes through the tubes, 
which are rolled and welded. As the secondary 
water flows across the bundle, boiling takes place. 

Water is fed into the bottom of the shell side 
through a header beneath the generator shell. 
Feed lines branch from this header and distrib- 
ute the water into the bottom part of the shell. 

Main Coolant Pumps—The main coolant pump, 
as shown in Fig. 5, is of the centrifugal type 
driven by a three-phase induction canned-motor 
type unit, absorbing full system pressure across 
the Inconel stator can. The complete pump unit, 
as shown in Fig. 6, consists of an electrical stator 
assembly, canned-rotor assembly, pressure hous- 
ing with integral cooler, bearings, pump impeller, 
and lower bolting ring. The drive unit is assem- 
bled into the volute that forms part of the pri- 
mary loop. 

Within the motor, cooled primary water is cir- 
culated by means of an auxiliary radial-vane im- 
peller. From the impeller, water flows downward 
through the “air-gap”’ to the lower radial and 
upper and lower thrust bearings, and into the 
cooling tubes that form part of the heat ex- 


Se i RE 
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CRESCENT - 


Underground Feeder and Branch Circuit Cable 


Also listed by Underwriters’ Laboratories as 


changer. The water is then brought to the top of 
the pump where it enters the motor frame and 
the auxiliary impeller suction. Some water from 
the auxiliary impeller is bypassed from this cir- 
cuit to circulate water to the upper radial bear- 
ing. The bypassed water flows through the bear- 
ing, then directly back to the auxiliary impeller 
suction. 

Motor heat is dissipated to the primary water 
being recirculated within the pump. A close-fit- 
ting labyrinth-type seal on the shaft just below 
the thrust bearing and a double Belleville spring 
arrangement prevent the motor cooling water 
from circulating freely with the high-tempera- 
ture primary coolant water. Heat from the end 
turns is transferred by conduction by mechanical 
means to the pressure shell. 

The upper and lower journal bearings are 
made of graphitar, backed by stainless-steel shells 
with spherical seats for self-alignment. These 
seats rest on cylindrical rings of Stellite. Shaft- 
journal surfaces are Malcomized stainless steel. 

The upper thrust bearing, a tapered-land type, 
is made of graphitar with runners of stainless 
steel. The lower thrust bearing is a fully equal- 
ized pivoted shoe-type bearing. 

The conductor slots are kept as narrow as pos- 
sible to reduce the stress in the can where it 
bridges the slots. Beyond the end of the stator 
punchings, support is provided by the back-up 
cylinders to which the can ends are welded. 

Main Coolant Loop Piping and Valves—Hy- 
draulically operated stop valves, as shown in Fig. 
7, are provided for isolating the primary coolant 
system. The primary coolant, which acts as the 


LNT taney, 





TYPE UF 


TYPE NMC—NON-METALLIC SHEATHED CABLE 


Type UF Underground Feeder and Branch Circuit Cable is a new type first adopted in the 
1953 National Electrical Code. It is recognized in single conductor construction, sizes +14 
to +4 A.W.G. inclusive and in two-conductor and three-conductor flat construction, sizes 
14, 12 and 10 A.W.G. CRESCENT SYNTHOL TW thermoplastic : »mpounds are used in in- 


sulation and jackets of these cables. 


Multiple Conductor Type UF Cables are also listed as Non-Metallic Sheathed Cable, Type 
NMC, and may be used for both exposed and concealed work in dry, moist, damp or cor- 


rosive locations and in masonry block walls. 
(Licensed under Patent No. 2,663,755) 


v= CRESCENT TYPE -UF 6 UNDERGROUND FEEDER CABLE 


Type UF single and multi-conductor cable is designed to be used underground, including 
direct burial, on feeders or branch circuits, when provided with overcurrent protection not 


in excess of the rated cupacity of the individual conductors. 


CRESCENT INSULATED WIRE & CABLE CO. 


TRENTON, N. J. 
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REACTOR 


Fig. 4 


operating fluid, is directed into 
the valve cylinder by suitable 
pilot valves. 

The piping is designed to take 
up its own expansion as well 
as that of the components to 
which it is connected, 

Shielding—Shielding the ra- 
dioactive power plant compo- 
nents without adding a prohibi- 
tive amount of weight was one 
of the major arrangement prob- 
lems. As finally resolved, the 
shielding is such that essential 
controls and equipment can be 
manned while the reactor is op- 
erating. 

Necessarily, piping and elec- 
tric cables penetrate the shield. 
The penetrations must be water- 
tight and air-tight to prevent 
leak-through of radioactive air- 
borne particles and they also 
must be arranged to attenuate 
properly any radiation leakage 
through them. 

Primary Coolant Auxiliary 
Systems 

A considerable number of 
auxiliary service systems are re- 
quired to insure proper opera- 
tion of the primary coolant sys- 
tem, Pumps similar to but 
smaller than the main coolant 
pumps are used in these sys- 
tems. 

Charging System—tThe sys- 
tem must be filled with pure 
water initially, and addition of 
water must be possible at any 
time. There are numerous 
charging lines to the main loops 
so that a section that has been 
isolated for servicing can, by op- 
erating the isolating valves, be 
recharged without a shutdown 
or risk of sudden loss in pres- 


sure, 
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Fig. 5 






Pressurizing System—The prcssurizing system 
is designed to maintain a controlled pressure in 
the primary coolant system and its auxiliary sys- 
tems under all operating conditions; and also 
serves the function of providing surge capacity. 

Pressurizing is obtained by providing sufficient 
heat to build up a head of steam in a pressuriz- 
ing tank. The pressurizing tank is connected to 
the primary coolant system, thereby transmitting 
the developed pressure to the system. 


Steam Plant 


The primary purpose of the steam piant is to 
convert the heat energy developed by the reactor 
into useful shaft horsepower for ship propulsion. 
In addition, the steam plant also supplies power 
to all auxiliaries for power-plant operation, and 
all electrical equipment and lighting systems, in- 
cluding sufficient power for charging the battery. 

The steam plant is patterned after a conven- 
tional shipboard installation in- 
sofar as the handling of the 
steam and condensate is con- 
cerned. The design is such that 
the steam system is subdivided 
into identical port and starboard 
steam plants, which can be op- 
erated simultaneously, either 
cross-connected or isolated from 
each other. 

The main engines are geared, 

marine-type steam _ turbines. 
There are auxiliary-power tur- 
bine generators with auxiliaries 
such as condensers, air ejectors, 
condensate pumps, and lubricat- 
ing-oil systems. 

The design of the condensers, 
the circulating-water piping, 
and pumps for all units became 
special problems. The circulat- 
ing-water system of a conven- 
tional plant, land-based or ship- 
board, is designed for low am- 
bient pressure. In the subma- 
rine, the equipment in the circu- 
lating water system had to be 
designed for high pressure to 
contain the sea water for static 
conditions corresponding to 
maximum submergence, in ad- 
dition to providing the large 
heat-transfer surface and high 
flows necessary for disposing of 
the waste heat. 


Power from Turbine to Propellor 


To convert the shaft horse- 
power from the low- and high- 
pressure turbines into useful 
thrust, it passes through the re- 
duction gears, the clutch, and 
finally through the propulsion- 
motor shaft. The power is then 
on directly to the propel- 
er. 

The propulsion-system clutch 
enables the propulsion motor 
and propeller section to be dis- 
engaged from the turbine and 
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main reduction-gear section. If a clutch were not 
used, the propulsion motor, when in operation, 
would have to overcome the inertia and friction 
losses of the turbine rotors and reduction gear in 
addition to overcoming the normal propeller load. 
The clutch also permits some angular and paral- 
lel misalignment of the drive shaft. It incorpo- 
rates a thrust link that serves to locate the reduc- 
tion gears axially and transmit any axial force 
due to these gears to the main thrust bearing. 


Control System 


A schematic representation of the plant-control 
system is shown in Fig. 8. 

Control panels are provided in the maneuvering 
room for control of operation of the plant. Com- 
plete instrumentation required for operating the 
power plant is provided on the power panel. The 
power panel is to provide normal control of the 
power plant. 


Fig. 6 
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The propulsion panel has all of the controls nec- 
essary for operating the main shaft. These in- 
clude the speed controls for the turbine and pro- 
pulsion motor. 


Maneuverability 


A submarine must be maneuverable. In terms 
of a nuclear-powered submarine, this means that 
the power plant must be capable of varying out- 
put rapidly and of changing quickly from quiet 
operating condition to one of full power ahead. 
The power plant for the Nautilus is designed to 
function in several ways: normal operation, i. e., 
propulsion by the main geared turbines, with 
steam furnished by the reactor system; or emer- 
gency operation with electric—motor drives by 
use of power supplied by a battery or a diesel 
generator. 


Requirements for Application to a Submarine 


One of the basic design problems for subma- 
rine equipment is compactness. In general, the 
space for equipment is much less than that which 
would be required for a cOmmercial design. For 
example, heat-exchanger designs had to be chosen 
not by reason of being the optimum from heat- 
transfer considerations but for space reasons; 
certain design features were employed that would 
not be commercially feasible for use in a conven- 
tional steam plant. 


Equipment weight is of paramount importance 
since it cannot exceed the amount set by the dis- 
placement of the submarine. For stability rea- 
sons the center of gravity is required to be low 
in the hull. In locating the heavier plant compo- 
nents this factor had to be taken into considera- 
tion. Normally, however, lead ballast is used to 
achieve the required center of gravity location. A 
ballast estimate is made at the time the overall 
weight estimate is prepared for the vessel. If the 
components weigh more than estimated, then bal- 
last is removed from the ship to maintain buoy- 
ancy. In doing this, so much ballast may be re- 
moved that a center-of-gravity problem is cre- 
ated. Such a situation would require that the ship 
size be increased to accommodate the needed bal- 
last and maintain stability. 


Personnel Safety 


_Although personnei safety is a factor to con- 
sider in operating a steam power plant within 
a submarine, of more urgent concern is positive 
protection from nuclear radiation. 

The shield reduces the radiation to a level such 
that, during a cruise lasting the life of the reac- 
tor, the average crew member will receive less ra- 
diation than he would during a lifetime from cos- 
mic rays; natural radioactivity in the sea, air, 
drinking water, and ground; routine chest and 
dental x-rays; television screens, and lumines- 
cent instrument dials. 


The radiation-monitoring system for the sub- 
marine, which is to insure proper radiation levels 
for personnel protection, has air-particle detec- 
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tors, gamma detectors, boiler-leak detectors, and 
a discharge system-activity indicator. The air 
detectors sample the activity of the air in the 
shielded area and in adjacent compartments. 
Gamma detectors are installed in various sections 
of the ship. The boiler-leak detectors warn of a 
ruptured boiler tube in the steam generator, 
which would allow radioactive coolant to enter 
the unshielded steam system. The discharge sys- 
tem-activity indicators insure that radioactive 
water is not discharged at a dock or elsewhere 
where it would produce a hazard. 


= Below: Siz cf the fourteen Frick 


“ECLIPSE” compressors installed in 
Sperry Engineering Test Department. 


Sperry Gyroscope Co. 
Operates 12 Test Boxes 


" 


Refrigeration 


At the Great Neck, Long 
Island, plant of Sperry Co., a 
dozen environmental test cham- 
bers have been equipped with 
cooling and humidity control, 
operated by an elaborate low- 
temperature refrigerating system. 
This was designed and installed by 
Tenney Engineering, Inc., Union, 
N. J., using 14 Frick “ECLIPSE” 





compressors. Temperatures range 
from 100° below zero to 200° 
above. 

Whatever your special cooling 
needs, there's a Frick air condi- 
tioning or refrigerating system to 
meet them with dependability. 
Let us submit an estimate: write, 
wire or phone— 


For a_ position with a 
future inquire about the 
Frick Graduate Training 
Course in Refrigeration and 
Air Conditioning. Operated 
over 30 years, it offers a car- 
eer in a growing industry. 


DEPENDABLE REFRIGERATION SINCE 
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From the drawing boards at New Departure have come many of the 
world's ball bearing advancements. Such leadership is one reason 
why engineers everywhere specify New Departure ball bearings. 


“NEW DEPARTURES” IN SCIENCE & INVENTION 


If Euclid had lived 2,300 years longer, he would have made 
Tau Bete. That’s why he’s pictured here wearing the 
Tau Beta Pi key. 


After all, every engineer owes Euclid a big debt. At New 
Departure, for example, we work with circles and spheres. 
Without Euclid, we might still be getting started. 


As it is, though, New Departure has gone further with spheres 
and circles in relation to moving parts than anyone else in 
the world. From this knowledge have come such advances 
as the Sealed-for-Life and the double-row angular-contact 
ball bearings. And it’s advances like these that make New 
Departure the world leader in ball bearings. 


NEW DEPARTURE + DIVISION OF GENERAL MOTORS + BRISTOL, CONN. 


NOTHING ROLLS LIKE A BALL 
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NN VE TSE SOFTEN 


FROM COW-PATHS TO CLOVERLEAFS... 


The narrow, twisting, rut-ridden roads of yesteryear 
are being replaced by new multi-lane, high-speed 
highways. Crossroads have been bridged and clover- 
leafed . . . hills have been leveled . . . curves lengthened. 

These changes have happened in the half century 
since the advent of the automobile. For more and 
better cars and trucks demand faster, safer roads 
and turnpikes. 


SPACE FOR SPEED... 


The traffic that flows over America’s three-million 
mile network of roads represents the very life stream 
of our progress. Nowhere else in the world do people 
travel so far and so freely . . . nor do so many trucks 
deliver such a wide and plentiful supply of merchan- 
dise so fast and to so many places. 


AMERICA WORKS LIKE THAT... 


Here in America we have men who dare to dream and 
build for future needs . . . machines to move moun- 
tains... materials to make roads... and an all-seeing, 
all-hearing, and reporting Inter-Communications 
System that acquaints every branch of science and 
engineering . . . every technical skill . . . with the 
needs and the accomplishments of every other field 
of endeavor. 


THE AMERICAN INTER-COM SYSTEM... 


Complete communication is the function, the unique 
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contribution of the American business press ... a 
great group of specially edited magazines devoted to 
the specialized work areas of men who want to 
manage better, research better, sell better, buy better. 


COMMUNICATION IS OUR BUSINESS... 


Many of the textbooks in which you are now study- 
ing the fundamentals of your specialty bear the 
McGraw-Hill imprint. For McGraw-Hill is the 
world’s largest publisher of scientific and technical 
works. 

After you leave school, you will want to keep 
abreast of developments in your chosen profession. 
Then one of McGraw-Hill’s many business magazines 
will provide current information that will help you 
in your job. 


McGRAW-HILL 


PUBLISHING COMPANY, INC. 


330 WEST 42nd STREET 
q p NEW YORK 36, N. Y. 


Wp 


HEADQUARTERS FOR TECHNICAL AND BUSINESS INFORMATION 





NEW MISSILE SYSTEMS 


RESEARCH LABORATORY 


RISES AT LOCKHEED 


Scheduled for occupation this fall, Lockheed’s 
new Missile Systems Research Laboratory is 
now well along in construction. First step ina 
$10,000,000 research laboratory program, it is 
especially designed to provide the most modern 
facilities for meeting the complex problems 


of missile systems research and development. 


Scientists and engineers able to contribute 
importantly to the technology of guided 


missiles are invited to write. 


dbbeed MISSILE SYSTEMS DIVISION 


research and engineering staff 


Dr. E. H. Krause, Research Laboratory 
head (left), examines blueprints of the 
new laboratory with E. R. Quesada, 
Missile Systems Division vicg president 
and general manager (center), and 

W. M. Hawkins, chief engineer. during 
ground-breaking ceremonies. 


LOCKHEED AIRCRAFT CORPORATION e VAN NUYS e CALIFORNIA 
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New RCA Radar ‘‘Weather Eye”’ 





Sees Through Storms 


In our time, Man has won round after round in a contest 
against the elements that started thousands of years ago. 

The most recent scientific victory is something new in 
Radar—an electronic ‘“Weather Eye” developed by RCA. 

In airplanes, this supersensitive instrument peers miles 
ahead. It gives advance warning of weather disturbances. The 
signals on its radar screen point the way to a safe course 
around storm areas, or even through them. 

The leadership in electronic research that made the 
‘‘Weather Eye”’ possible is inherent in all RCA products and 
services. And at the David Sarnoff Research Center of RCA, 
Princeton, N. J., scientists are continually at work to extend 
the frontiers of “Electronics for Living.” 





New RCA Weather Map- 
ping Radar weighs under 
125 pounds, takes little 
space in a plane. 


For information regarding design and de- 
velopment engineering positions on such 
projects as ‘““Weather Eye”’ Radar and 
military electronic equipment—write to 
Mr. Robert Haklisch, Manager College 
Relations, Radio Corporation of America, 


Camden, 2, N. J. 


RADIO CORPORATION OF AMERICA 
ELECTRONICS FOR LIVING 
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from the editors notebook 
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It seems to the writer that all the talk that has been talked and all the confer- 
encing that has been conferenced has certainly brought up some interesting talks and 
conferences in the past years. It is just tco bad that no action can be taken from 
these talks and conferences, The facts about the “jew-haters” and “nigger-haters” 
are much more sordid than is knocked around a conference table of “college men.” 
The facts as they are, are rough, bitter, and inbred. 


People do not naturally hate, THEY FEAR. This is played upon by parents, by 
politicos, and by fear-ridden haters to help themselves in their spiteful lives. “‘People 
hate us,” say the parents and politicos and haters. “They hate you and me.” Dis- 
crimination is bred in your home, brought up in the neighborhood in which you live, 
culminated in your affairs with other people, and bred again in your sons and 
daughters. Show people they hate because they were brought up to hate. Show them 
why they should not hate. And pray to God that they see their mistake. 


“Hate thy neighbor,” they say. But not in the simple and kid-gloved handling 
way that conferences say they do. If anything is to be done to repress discrimina- 
tion, action should be taken after discussing this affair in an outright manner. Con- 
ferences are fine for their fraternizing and agreeing hours, but do not disguise this 
head nodding and fraternizing under the guise of illuminating the students of the 
country about discrimination. Call these parties what you may; conference on stu- 
dent-faculty fraternizing; talk with nodding heads on college affairs. But do not call 
it what it is not. 


H. 1. SNIDER 


EDITOR’S NOTE: We would appreciate any views concerning the above. 





Vulcanizing Chamber 


Application of Insulation 
and Jacket Compounds 


Unvulcanized mill-mixed rubber insulating compounds may be 
apptied to conductors and cables by either the strip insulating or 
extrusion processes. There are two modifications of the extrusion 
process depending on the method used for vulcanizing the rubber 
after its application to the conductor, namely, the pan cure process 
and the continuous cure process. Laytex insulating compounds are 
applied to conductors by the repeated or continuous dipping process. 


STRIP INSULATION —In the strip insulating process, the compound is 
calendered to the desired thickness and backed with talc or a paper, 
cloth, or metallic tape to prevent adhesion of successive layers dur- 
ing processing. The rubber sheet and tape are cut into strips of a 
width slightly greater than the circumference of the conductor to be 
insulated, and each strip is taken up in a separate roll. A strip and the 
conductor are then fed into the circular opening formed by aligning 
semi-circular grooves in the outer surfaces of two rolls whose circum- 
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ferences contact. The rolls are driven in opposite directions, thus 
folding the strip longitudinally about the conductor and pressing 
its edges in firm contact. The tape is left on the wire during vulcani- 
zation. If made of a suitable weatherproof material it may be per- 
manent, but if made of metal it must be removed after vulcanization. 
The strip-insulated, taped conductor is generally taken up on reels 
for vulcanization. 


EXTRUSION--In the extrusion process the rubber insulating com- 
pound is applied to the conductor in an extrusion machine similar 
to the strainer described under the preparation of rubber compounds. 
The head of the machine supports a guide and die and provides a 
passage for the compound from the screw through the guide and die 
assembly to its point of application to the conductor. The guide holds 
the conductor centered with the respect to the die. The die contains an 
Opening approximately equal to the diameter of the insulation and 
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is adjustable with respect to the guide so that proper centering can 
be obtained. The guide and die are so located that there is an an- 
nular space between them through which the rubber compound 
reaches the conductor. 

The driven screw of the extruder forces the unvulcanized com- 
pound through the guide and die assembly around the conductor. 
The equipment is provided with a driven take-up capstan which 
pulls the conductor through the machine and a revolving pan in 
which the rubber-covered conductor is laid. Successive layers of the 
covered conductor are separated with finely divided talc to prevent 
adhesion of successive layers during vulcanization. A tape may be 
applied over the insulation on larger conductors before vulcaniza- 
tion to assist in maintaining concentricity of the insulation with 
the conductor. 

Rubber or rubber-like jackets are applied to rubber insulated 
single conductor cables or over the assembly of multiple conductor 
insulated cables by the extrusion process. Such jacketed cables are 


Continuous Cure Process 





taken up in pans of talc as described for insulated conductors. A 
continuous lead sheath is applied over the unvulcanized jacket com- 
pound and the lead covered cable taken up on reels for vulcanization. 


VULCANIZATION — The pans or reels containing the unvulcanized 
rubber insulated conductor or jacketed cable are then placed in a 
vulcanizing chamber where they are subjected to steam at the re- 
quired pressure and for the required time to suitably vulcanize the 
rubber. The pressure is then slowly reduced to atmospheric pressure 
and the pans or reels removed from the vulcanizer and allowed to 
cool. The insulated conductors are then removed from the pans. 
This handling of the insulated conductor in pans through the extru- 
sion and vulcanizing processes accounts for the term “pan cure 
process”. Non-permanent tapes are then removed from strip insu- 
lated conductors and the lead tube from the jacketed cables. 


CONTINUOUS CURE PROCESS—The continuous cure process employs 
a standard extrusion machine similar to that used in the pan cure 
process, but equipped with a modified head to which a vulcanizing 
tube is attached and provided with means for automatically control- 
ling the temperature of the cylinder, screw and head. 

The head differs from that used in the pan cure process in that 
the guide and die are mechanically centered with respect to each other 
and the compound space surrounding them is smaller. Centering of 
the guide and die is obtained by the use of accurately machined 
holders which fit snugly into perfectly centered openings in the 
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head. This provides centering of the insulation or jacket compound 
at all times without adjustment by the operator. The compound space 
in the head is reduced to prevent premaiure vulcanizing of the 
highly accelerated compounds used in this process. Automatic con- 
trol of the temperature of the cylinder, screw and head is required 
for suceessful extrusion of such compounds. 

The vulcanizer attached to the tubing machine consists of a 2- 
inch steel pipe jacketed with a properly insulated 3-inch pipe and is 
approximately 125 ‘eet in length. Vulcanizing steam pressure is 
maintained in the annular space between the vulcanizing tube and 
jacket to insure immediate attainment of the vulcanizing tempera- 
ture when steam is admitted to the vulcanizer tube. The vulcanizer is 
provided with a splice box adjacent to the tubing machine and a 
suitable seal at the opposite end. 

The driven screw of the extruder forces the unvulcanized com- 
pound through the guide and die assembly around the conductor 
or cable and directly into vulcanizer containing steam at 225 pound 
pressure. Highly accelerated compounds capable of vulcanizing in 
a few seconds are used so that the process can be operated at eco- 
nomical speeds. The speed of travel of a covered conductor or caole 
and the acceleration of the compound are so adjusted that the in- 
sulation or jacket is properly vulcanized while traveling the length 
of the vulcanizer. The vulcanized insulated conductor or jacketed 
cable is taken up on a Suitable reel directly from the vulcanizer. 
The term “Continuous cure process” follows from the fact that the 
insulation or jacket is applied and vulcanized in one operation. 




















APPLICATION OF LATEX—The application of latex insulation consists 
of passing the coated conductor beneath the surface of a latex com- 
pound from which it is brought vertically into a suitable drying 
chamber. It continues to travel vertically in the chamber untii the film 
is dry. It is then returned for the application of a second layer of 
compound. This alternate dipping and drying is continued until a 
wall of the required thickness is applied and dried. The amount of 
insulation deposited per application depends on the conductor size, 
the viscosity and temperature of the latex compound and the speed 
to which the conductor travels. 

The conductor, covered with the required thickness of dried 
unvulcanized latex compound then passes through a vulcanizing 
chamber where the insulation is vulcanized and continues through 
a talc applicator to the take-up reel. This process is thus a continuous 
One in that the application of the insulation to the conductor and 
its vulcanization are accomplished in one operation. 
























Application of Latex 
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The Torrington Needle Bearing 


proper housing design is essential to proper performance 





The Torrington Needle Bearing 
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offers many design and opera- | N 
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tional advantages for a great 
variety of products and equip- 


ment. For example, a Needle 




















Bearing has greater rated radial 
load capacity in relation to its 
outside diameter than any other 
type of anti-friction bearing. It is 
extremely light in weight. And it 


is easy to install and lubricate. 


Housing Maintains 
Bearing Roundness 


The housing is an essential part 
of the Needle Bearing assembly. 
Care should be taken to provide 
a straight, round housing bore to 
the recommended tolerances. 
The thin, surface-hardened 
outer shell of the Needle Bearing 
acts as the outer race surface as 
well as a retainer for the rolls. 
This shell assumes the shape of 
the housing into which it is 
pressed. Consequently, the hous- 
ing bore should be round, and the 
housing so designed that it will 
carry the radial load imposed on 


the bearing without distortion. 


Housing Material 
Determines Bore Size 


The specified housing bore dimen- 
sions for any given material 
should be maintained in order to 
give the proper running clearance 
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Needle Bearings require simple 
housings. If the housing bores are 
held to proper size, accurate oper- 
ation and high radial capacity are 
assured. 





STEERING GEAR 


between the needle rollers and 
the shaft, and to assure sufficient 
press fit to locate the bearing 
firmly. 

When designing housings of 
materials that are soft or of low 
tensile strength, allowance should 
be made for the plastic flow of the 


material when the bearing is 


pressed into place. Bore dimen- 
sions in such cases should be less 
than standard. Needle Bearings 
can be pressed directly into phe- 
nolic or rubber compounds, al- 
though metal inserts are recom- 
mended. 

The new Needle Bearing cata- 


log will be sent on request. 


THE TORRINGTON COMPANY 


Torrington, Conn. 


South Bend 21, Ind. 


District Offices and Distributors in Principal Cities of United States and Canada 


TORRI NGTON ///0/f BEARI hes 


NEEDLE +» SPHERICAL ROLLER + TAPERED ROLLER + STRAIGHT ROLLER + BALL - NEEDLE ROLLERS 
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Will data on molybdenum 

and the ‘‘moly” derivatives 
utilized in chemicals, agriculture 
and various phases of industry 
help your thesis project? If so, let 
us know your field of particular 
interest .. . write: Climax 
Molybdenum Company, 500 Fifth 
Avenue, New York 36, N. Y. 


MU4-I1 


LIMAX MOLYBDENUM 
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spin echoes 


by Malcolm A. MacLeod, '55 


This article is based on a senior physics labora- 
tory project on which the author and two col- 
leagues (Alicia E. Lardé and Robert J. Papa) 
worked during the fall semester 1954. It is illus- 
trative of the work done at an advanced under- 
graduate level at the Institute. 

I. Introduction 

This experiment is concerned with a particular 
method of observing nuclear magnetic resonance 
phenomena after the methods of Hahn; for infor- 
mation on other methods of observing these phe- 
nomena see the bibliography at the end of the 
article. 

The general idea of the experiment is to excite 
an ensemble of nuclear spins in a large, static 
magnetic field with radio-frequency (r-f) pulses 
such that a response (spin echo) is stimulated 
after a slight delay in time. 

II. Theory 

The atomic nucleus possesses in general a mag- 
netic moment, which can be considered as orig- 
inating from circulating currents in the nucleus. 
This is analogous to the magnetism of a bar mag- 
net. Since the existence of an intrinsic angular 
momentum implies a circulation of mass within it, 
it is to be expected that the magnetic moment and 
the angular momentum are related to each other. 
For nuclear magnets these two vectors are colinear 
and, for a given nuciear species in a given energy 
state, their lengths are in the same ratio. 

fa A- fip 

M total magnetic moment 

P =total angular momentum 
“nuclear gyromagnetic ratio” 

Note, however, that for the classical model for 
uniformly distributed charge and mass the nuclear 
gyromagnetic ratio is unity. 

We find moreover that if a nucleus of magnetic 
moment 77 is placed in a magnetic field H,, the 
magnetic vector will precess about H,, at a certain 
definite frequency. To see this, consider the torque 
L exterted on the magnetic dipole by the field: 
This is the equation of motion ot a vector p of con- 
stant magnitude precessing with angular velocity 
That is oat : 
dP = «a «Pdt 
This definite frequency of precession is called the 
Larmor frequency and is independent of the angle 
between & and H,, (H,, lies along the z-axis). 

As _ may be derived from the above equation, 
L-=4¢xH.,, the potential energy U of a magnetic 
moment in a field H is: 


Ure am, ul, 


From quantum mechanics we know that: 
The nuclear spin angular momentum quantum 


21 


number 1» and spi fae af 

total angular momentum RB, =m; this is the 
observable nuclear angular momentum along a 
fixed axis where m=—I, I+1,....—I+1, —I. 

For a discussion of the distinction between the 
total nuclear magnetic moment and the magnetic 
moment observable along one particular axis, see 
Evans. a 

It may be pointed out that the & vector pre- 
cesses classically, and that its time average has a 
constant, finite component only in the direction of 
the H, field. The component of the magnetic mo- 
ment vector in the direction perpendicular to the 
H, field averages to zero over one Larmor period. 

The quantum mechanical analogue of this phe- 
nomenon arises from the fact that only the z com- 
ponent of the angular momentum operator (L,) 
commutes with the square of the total angular 
momentum (L*). L, and L, do not commute with 
L,, and there is some fluctuation of L, and L,, but 
the mean values are zero. L, and L have sharp 
(i.e., precise) values, but the fact that L, and L, 
fluctuate corresponds to L covering a cone of direc- 
tions, the axis of which is in the z direction. 

Since the nuclear moment is proportional to the 
intrinsic angular momentum or spin of the nucleus, 
the magnetic moment observable in the field direc- 
tion is then: 


pe 934) mh 


Therefore the energy of a nuclear magnetic dipole 
‘in a state characterized by m is: 
wsom~-9 (fe) 

We now use Bohr’s frequency condition to show 
that energy absorption by the nucleus may occur. 
Transition from one discrete energy state to an- 
other, separated by energyAU, can occur with the 
emission or absorption of a definite quantum of 
electromagnetic radiation: 

aU = wh 
From a previous equation: 
Ue) - Vom) = gpcm-m”) 
but m’—m"—1 by selection rules; therefore: 
wh=guu- ah 

That is, for absorption of a quantum of energy 
from a radiation field by nuclear magnets to occur, 
the radiation must have the Larmor frequency. 
This absorption is called resonance. 

This resonance condition can be arrived at from 
purely classical considerations. Suppose that in 
addition to H, we have a small magnetic field H, 
rotating with angular frequency G in a plane 
perpendicular to H,, as ir.dicated in Fig. 1. 


This additional field H, will produce a new torque 
Lyiop Which will tend to tip gz. If «© does not equal 
«3, the time average of L,,.,, will be zero since fe 
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will then sometimes tipped up, and sometimes 
tipped down, but with no net effect. Only when 
@ = Gedoes L,),, always tip # in the same.sense, 
thus changing the angle between / and H, and 
therefore absorbing or emitting energy. Thus 
classical theory checks with Bohr’s quantum con- 
dition considerations and we can think of the 
electromagnetic radiation of the latter, which in- 
duces the transitions, as being at right angles to 
H,. This electromagnetic radiation, H,, moreover 
is regarded as possessing an oscillatory magnetic 
component, consisting of two superimposed fields 
rotating in opposite directions. One of these fields 
rotates at the Larmor frequency and is responsible 
for the transitions, while the other is far off 
resonance and its effect is negligible. 

The properties of the absorption by an assembly 
of nuclear magnets thus far explained simply, can 
be established quantum mechanically. The absorp- 
tion or emission of electromagnetic radiation by a 
system is predicted by the quantum mechanical 
transition probabilities. It is found that the chance 
for a nucleus initially in a state m—+14, to be at 
a later time in a state m= —J4 is: 


ai sin'® fel, 
e(t--) ingfalsere sin' {7 [! 


where C is the total probability at any time t. 
Then whea W= -udes C(% 

—IlI4) becomes extremely small 
confirming the previous conclu- 
sion that the wrong rotating 
half of the oscillating field has 
negligible effect. It is also found 
that there is an equal probability 
for transitions downward in en- 
ergy as for transitions upward 
in energy. That is: ae 


&Ci-») 


We therefore see that if a net 
absorption is to occur, we must 
have an excess number of nu- 
clear magnets in the lower en- 
ergy state at thermal equilib- 
rium. This is actually found to 
be the case. To see this we shall 
consider the effects of thermal 
agitation on an assembly of mag- 
nets. 

Consider a substance containing N nuclei per 
unit volume. We can compute the magnetic mo- 
ment per unit volume if we know the number of 
nuclei in each state. The natural tendency is for a 
magnet to align itself parallel to an external field. 
However, the energy possessed by each degree of 
freedom of the nucleus due to the temperature 
(—I!4kT) far exceeds the difference in energy of 
the two states. Collisions due to thermal agitation 
therefore play such havoc among the ranks of the 
nuclear magnets that there will be but small ex- 
cess of nuclei in the lower energy state. It is this 
excess, however, which is responsible for the net 
magnetization of the sample. 

To illustrate quantitatively, .we shall compute 
from the Boltzmann factor the excess number of 
protons in the lower state at room temperature. 
Since there is an energy associated with the 
(2I+1) spin states, there will be a Boltzmann dis- 
tribution, where the numbe> of nuclei in each spin 
state is proportional to the Boltzmann factor exp 

. Let the number of nuclei per unit volume 
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—N*(m) and theix. energy—-U(m). Then the ratio 
of population of the two proton states. m=: +1 
and m= —J4 according to Boltzmann is 


by #(Siee]!} ‘ 


noting that at room temperature U(m) <<_ kT. 
with H,—20,000_ gauss 
kT=—4x 10°" ergs 
g—5.58 for protons 


NO .;, * 
Nae 7 1 Ke 


Thus for every million nuclei in the upper energy 
state there are one million and fourteen in the 
lower energy state. Clearly it is these fourteen 
protons which are responsible for the net nuclear 
magnetization of the sample. This net nuclear 
magnetization, M, is related to the Curie suscepti- 
bility X, by the relation’ 

The M, vector is.established by the nuclear mo- 
ments falling to the lower energy state, when a 
sample of matter is placed in an H, field. The time 
which must elapse before all but of the equi- 
librium excess numbers of nuclei will have found 






their way into the lower energy state is called the 
spin-lattice relaxation time T;. This relaxation 
phenomenon results from the interchange of en- 
ergy between the system of nuclear spins and the 
lattice. 

From a consideration of Boltzmann’s relation: 


N= N, o- (EP) 


it is seen that in order to conserve particles, when 
H, and therefore U(m) are very large, the temp- 
erature of the spin system must be extremely 
high. In order for the nuclear spins to cool down, 
it is necessary that transitions from the upper 
spin states to the lower ones occur more frequently 
than the reverse transitions, 

To understand the way in which this occurs, 
consider N (+) and N (—) as being the equilibrium 
populations of the upper and lower states re- 
spectively. The detailed balancing of the transi- 
tions between (+) and (—) will preserve equi- 
librium if 

N(+) W(+-~—) == N(—) W(—>+) 
where W(+->—) is the total probability per unit 
time of a single transition from (+) to (—). At 
equilibirum the Boltzmann factor governs N(+)/ 
N(—) and 
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Now the probability of a single transition from (+) to (—) cannot 
urs an 04a & depend on the population of (—) and we must suppose that the total 
probabilities W are related to the quantum mechanical probabilities 
P through the Boltzmann factor of the final state, even when equi- 


7 tons of coal librium has not yet been nescence 


Since P(+ ~—) — P(—-—>+) =P, we obtain 


in 1 minute ae oe 


The excess number n—-N(+)—N(—) changes by two for cach 
transition. This fact and the definition of the probabilities leads to 
the differential equation: 


i + 2NOW- -*)- ZN -> 


where N=total number of spins. 
Since n & N, in most cases of interest, 


Wir --)~ Pfl- ligt zH, AKT] Wie =) = Pil highwtt, MT) 


with DEN ISON where n,=-N and is the equilibrium value of n. Then »-ng-«°) 
h . and it is #6 that is defined as the above-mentioned spin-lattice 
yd raulic relaxation time, T). 
- When a rotating field H, is applied perpendicular to H., it pro- 
eq uipment duces transitions which tend to upset the thermal equilibrium of 
the spins. The relaxation phenomenon associated with T,, which 
tends to restore equilibrium, is therefore in competition with the 
HEN THIS continuous mining effects due to, and the way in which, fractions of the excess number 
machine bores into a bed of coal, of nuclei return to thermal equilibrium (along the z-axis) is analo- 
things begin to happen. It cuts and gous to the charging of a capacitor as is seen by the 1— exp 
loads seven tons of coal per minute (— ¥ ) dependence. | 
from solid seam. One essential require- The precessing spin ensemble considered can also be interrupted 
ment for machinery like this is com- | PY field perturbations due to neighbors in the lattice. These per- 
turbations limit the phase memory time of Larmor precession and 
ieee : are observable through the finite widths of absorption lines. These 
On this mining machine, Denison | field perturbations are of two kinds as described below. 


pact, rugged control equipment. 


hydraulic pumps, motors and valves The total static magnetic field that a single nucleus sees is the 
provide finger-tip control for tramming, applied field H,, diminished or increased, depending upon the energy 
for moving the conveyor chain and for among the (21+1) values of 4» , by the local fields produced by 
tilting, retraction and conveyor swing. the static components of the neighboring magnetic dipoles. We can 
therefore expect a spread in the Larmor precession frequency: 


bus eu, *7H, *10°see* How * ~ = S gauss 


That is, if two nuclei are precessing in phase at time t—0, they 
may be expected to have lost their phase relationship within a time 
of the order of 

2 The other effect to be considered is the so-called mutual spin- 

Denison Axial Piston Pump spin flipping. It is possible for two anti-parallel nuclear spins to flip 

each other over leaving the net energy of the system unchanged. 

This happens because the precessing component of the magnetic 

controls are found on many types of | moment of one produces at the other a precessing magnetic field of 

equipment from mining machines to | nearly the proper frequency to produce a transition and vice versa. 

guided missiles. We'll be glad to send The time that it takes for this transition to take place is denoted 

you more information about Denison by T:. During this time, however, due to H,,..a; the relative phases 

hydraulic equipment. Write us. of the two spins will change so that after the flip the situation will 

not be exactly the same as before. This then hinders the “phase 

THE memory”. A general relaxation time, T., is thus formulated which 

OENISON ENGINEERING COMPANY takes into account both of the above-mentioned effects. We further 
1218 Dublin Road + Columbus 16, Ohio define a total relaxation time, 

Leading Designer and Manufacturer 4 

of Hydraulic Presses and Components " 
which therefore becomes the uncertainty in frequency of a precess- 
ing spin which can acquire an uncertainty in phase of the order of 
one radian in a time T.. For a thorough discussion of these relaxa- 
tion times see Hahn and Pake. 

Since T. is generally large for liquids, in comparison to the 
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short response time of r-f and pulse techniques, a 
method of obtaining nuclear induction becomes 
possible. The spin echo effect, with which we are 
concerned in this experiment, refers to spontane- 
ous nuclear induction signals which are observed 
to appear due to the constructive interference of 
precessing microscopic moment vectors after more 
than one pulse has been applied. In practice, the 
H, field is never perfectly homogeneous for all the 
nuclei throughout the volume of the sample. Each 
nucleus “sees” a field which corresponds to the 
particular value of H, at that point plus the field 
due to neighboring magnetic dipole moments. In 
liquids and gases, any local magnetic field which a 
particular nuclear moment happens to see will av- 
erage to zero over one Larmor period because the 
translational frequency for liquids, due to Brown- 
ian motion, is larger than the Larmor frequency 
by a factor of approximately 10‘. Thus it is pos- 
sible to ascribe to each volume element of liquid 
an isochromatic (single frequency) moment, 
M, (A), which has a Larmor precessional fre- 
quency associated with it of , and 
is composed of an ensemble of nuclear moments 
which precess in phase at that frequency. The 
entire liquid sample provides a distribution of 
magnetic moments according to how large a vol- 
ume element is assigned to each value of H, as it 
varies in space. This spectrum may be described 
by a rectangular or a Gaussian distribution. 

To observe the spin-echo effect, the sample is 
surrounded by an r-f inductive coil and an r-f mag- 
netic field is applied of frequency and magnitude 
H,. H, is perpendicular to the z-axis, along which 
H, and the corresponding M,(Aas3,) lies. The H, 
field has a duration of t, seconds, and a frequency 
ws’ which corresponds to the central frequency of 
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the distribution of M,(4&us)’s cver the inhomog- 
eneous external field. To observe the effect of the 
first r-f pulse, imagine a rotating coordinate sys- 
tem with axes x’ and y’ which are perpendicular 
to the z-axis. Assume that the rotational frequency 
of this coordinate system is and that the first r-f 
pulse has its H, vector lying along the x-axis. Let 
, so that there will be a distribution of 
M.,(A@)’s in the rotating coordinate system that 
corresponds to the distribution of M,(44»)’s in 
the laboratory system, and M,(Aw )—M, (Ao). 
On the laboratory system the torque equation is: 


# - 7 (A. xt) 


where H,=H, 
except for the time during which the r-f pulses 
are applied, and then 
H,=—H,+ Hi. 

When H,—H., the M vectors precess freely about 
the z-axis at their corresponding Larmor fre- 
quency, but during the r-f pulses it is much more 
convenient to transform to the rotating coordinate 
system and look at the motion of the correspond- 
ing M,(Awo ) vectors. 

if #l*/ is the torque in the rotating system, 
then the torque in the laboratory system is related 
to #7 by the following equation, “#1, - sy, 
or 


+s 


Gf ~ PY. ou A, 


Combining this equation with the torque equation 
gives #-#\. Fi.x(ad- a) 


where ™-" 

This equation tells us that in the rotating coordi- 
nate system the M,(Awu)) vectors appear to pre- 
cess about an effective H field of @#s# at a 
precessional frequency Ara. Let (Aw )xbe the 
width at half maximum of the function which de- 
scribes the assumed distribution of M,( Aw ) vec- 
tors over the range of AW’s (AWrisw). If, dur- 
ing an r-f pulse, \.>> (AW ), and 





(t the r-f pulse duration andw,=%H,) are true 
for resonance (resonance occurs when the fre- 
quency (3) of the applied r-f pulse equals the 
central frequency in the distribution of M,( A4’s), 
then it may be assumed that the precession of any 
M.( Aus) vector takes place about the H, vector 
in the rotating coordinate system. The total angle 
8 that the M,(Au)) vectors will precess through 
is given by 0= 8H,t,—-w,t,. For all spin echo 
phenomena, H, and t, for the first r-f pulse are 
chosen so that 0=- */2. H, and t,. are adjusted so 
that H, is as intense as possible and t, is as short 
as possible, so that nearly all the M,(A@)’s will 
be in the x’-y’ plane and will have precessed into 
the y’-axis (see Fig. 2). In the laboratory coordi- 
nate system the effect of the H, field is to cause 
the M, vectors to nutate into the x-y plane at a 
frequency (w,) much lower than the Larmor pre- 
cessional frequency (4). Once the spins are in 
the x-y plane, the H, field is turned off infinitely 
fast. In the laboratory system the macroscopic 
moment vectors M,(4w)—M,(A@.,) vectors are 
seen to precess at a frequency Aw about the effec- 
tive magnetic field44@% , which lies along the z- 
axis. Since the distribution of M,(Awe)’s over the 
range of G@Jo’s was assumed symmetrical and the 
angular frequency of the rotating system is Ww’, 
where 9’ is the central frequency in the distribu- 
tion of M,(A@.)’s, and also equals the r-f mag- 
netic field frequency, the M,( AW) vectors will 
appear to spread out from the y-axis in a sym- 
metrical pattern. After a relatively short time the 
M,’s are distributed randomly about the z-axis in 
the x’-y’ plane. Now it is assumed that the time 


taken for them to become randomly distributed 
about the z-axis is short compared to the total re- 
laxation time T. and the spin-lattice relaxation 
time T,. Thus the magnitudes of the M,’s are prac- 
tically constant, and they all have a place relation- 
ship among themselves, even though they are ran- 
domly distributed about the z-axis. It must be re- 
membered that the precessing total M, vector in- 
duces a voltage in the r-f probe head coil which 
surrounds the sample and has its axis in the x-y 
plane. As the different M, vectors precess freely 
at their own Larmor frequency, they become more 
and more randomly distributed about the z-axis, 
and though the frequency of the voltage that they 
induce in the coil is essentially the Larmor fre- 


quency, the amplitude of this 
voltage decreases as these M,’s 
become randomly distributed 
about the z-axis. Their effect 
| may be observed as a free induc- 
| tion decay following the first r-f 
| pulse. At a time t=Tafter the 
beginning of the first pulse, a se- 
cond pulse is applied to the 
sample of magnitude H, and du- 
ration 2t,. The effect of this 
second r-f pulse is to cause the 
M.’s to precess about H, in the 
x’-y’ plane. The total angle, 0,, 
that the M,’s precess through is 
given by: 


0, —2t,H,%¥ —20— ®. 
The M.’s are thus “mirrored” 
| across the line determined by the 
| H, vector in the x’-y’ plane. Each 
M, vector is “flipped” 180°, but 
all the M, vectors retain phase 
memory (their positions relative 
to one another). Since all the 
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M,, vectors started out together 
at t—0, and they were flipped 
180° at t—T, the M, vectors are 
all precessing freely around the 
z-axis at t>7+2t, in exactly the 
opposite sense to which they 
were precessing at t<7. After 
the application of the second r-f 
ipulse (t>7 +2t,), the sequence 
| of events experienced by the M, 
ivectors is exactly the same se- 
‘quence of events, but reversed 
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in time, that the M, vectors experienced for t<T. 
The M, vectors will all come together at t==-27 , 
and this phenomenen of the M, vectors all inter- 
fering constructively at t—2? is called the spin 
echo effect. For t >27 , the M, vectors will become 
more and more randomly distributed about the 
z-axis as time increases. In a time T. the M, vec- 
tors will have lost all phase memory and will as- 
sume equilibrium orentations. The formation of 
the spin echo is illustrated in Fig. 2. 

The spin echo effect is observed by amplifying 
the signal induced in the r-f coil and leoking at the 
envelope on a scope. The spin echo signal is in- 
duced in the coil by the precessing M, vectors. 
Each M, vector induces a voltage in the coil of a 
frequency corresponding to the Larmor frequency 
of the M, vector associated with that voltage. 
When the M.’s are distributed randomly about the 
z-axis, no net voltage is induced in the coil, because 
the phases of the voltages induced by each M, are 
completely random. However, when the M,’s start 
to interfere constructively, a net spin echo voltage 
is induced which increases with 
time. The spin echo voltage 
reaches a maximum at t—2T, 
and decays as the M,.’s became 
randomly distributed again. For 
a pictorial representation of the 
formation of the free induction 
signal, see Fig. 3. 

It should be mentioned that 
the more inhomogeneous the H, 
field is, the more the distribution 
of M,(A®.) will stretch out over 
the range of W.’s (where each 
#,. is proportional to its corre- 
sponding H,). This means that 
the width ( AW ),at half-maxi- 
mum of an assumed function 
which describes the distribution 
of M.,’s will be wider the more 
inhomogeneous H, is. 

Let: Ay A 


Av», 


first r-f pulse, and at t=—=T, the angle between M 
and y’ isAw?. 

Since the r-f pulses are phase incoherent, the 
second r-f pulse has its H, vector at an angle« 
with respect to the x’-axis, or &+ %/2 with re- 
spect to the y’-axis. The arbitrary M, vecotr will 
precess about the second H, vector, making an 
angle of : | 

es (Se OE eo | 


with respect to the y’ axis at t-=T+2t,. 

It must be remembered that the distribution of 
M.,( Aw )’s was assumed to be symmetrical over 
the range of (Aw )’s. Therefore there will be an- 
other M, vector at an angle — AW? with respect 
to the y’-axis, at t—T, in addition to the M, vec- 
tor at the angle + Aas? . The M, vector at —AWT 
will end up at an angle of 7 +AWT +20 with 
respect to the y’-axis after the second r-f pulse is 
applied (at t—7+2t,). The linearly polarized 
component of magnetization, V(AW>t) _, will lie 
along the line that bisects the angle between the 
M. vector at T —-AW7+Z< and the M, vector at 
W+eAw?+2& (all angles are measured with respect 


BC 


FIG. 5. METHOD OF MEASUREMENT OF SPIN-LAT TICE RELAXATION TIME, T,. 


Now, T: is approximately the width of the echo 
envelope observed at time t—2T . The echo signal 
itself is an amplitude-modulated r-f electromag- 
netic wave. The frequency of this wave is essen- 
tially the Larmor frequency, 43. . Now if “1.4: 

or if 7 


the primary frequency component of the echo sig- 
nal is W , and the band width of the r-f amplifiers 
must be small to pass only @ and reduce noise. 
If We. becomes comparable to ( Aw 4, the band 
width increases, because the carrier wave (r-f e.m. 
wave of frequency ™» ) becomes “clipped” and 
more Fourier components are introduced. The 


band width of the r-f amplifiers is therefore re-, 


lated to the inhomogeneity of the H, magnetic 
field. 

To obtain an approximate mathematical expres- 
sion for the form of the observed induction volt- 
age, consider the linearly polarized component of 
magnetization, V(4W.t) , along a particular line 
in the rotating coordinate system. Wi‘hout loss of 
generality, it may be assumed that for the first r-f 
pulse the H, vector lies along the x’-axis. An arbi- 
trary M, vector is nutated into the y’-axis by the 
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to the y’-axis). This line that V(AW,t) lies along 
will be at an angle of f¥+2«@ with the y’-axis. 
V(Aw%,t) will equal the projection of M, on the 
line at an angle w+2a@ for an arbitrary time 


V(Aw.t)~ M.cosaw(t -2F 


The observed induction voltage V(t) will be pro- 
portional to the linearly polarized component of 
magnetization times the distribution of M, vectors 
over the Aas’s integrated over the range of AW&’s. 
Assume a rectangular spectrum D(AQ) of M 
(4a )’s so that D(A) —constant and 


i [- (au (A ( 
Therefore: Dd .| Di | -0 


vie =f D (40 ViAw ©) d (aw 


Thus: ccacieeess a 


‘iba M awh tt 27) 


and a maxiunum voitage occurs at t—2 T. 

The spin echo phenomenon just described 
(where the second pulse rotates the M, vectors 
180°) is a rather special case which gives a maxi- 
mum echo amplitude. Another possibility for the 
formation of the spin echo occurs when the r-f 
second pulse equals the magnitude and duration of 
the first r-f pulse. Just as in the case for rotation 
180° of the M,’s by the second r-f pulse, assume 
that the time between pulses, 7 , is: 


<9 
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7 >> hy, tT,” 
T, and T, »? 27 ; 
After the first r-f pulse is applied, the M.( Aa») vectors will main- 
tain a symmetry about the y’-axis because the distribution of 
M,( 4@)’s was assumed symmetrical. At time t==-27, the second 
r-f pulse will rotate teh M,( A®) vectors through an angle O=- 


also assume as. before that 


4H, t,— %/2 (see Fig. 4 (d). During the time 7 +t, St $27 , the 


M,( Aw) vectors interfere destructively (Fig. 4 (e) ) untilt=27 . 
At t=2T all the M,( 4w)’s have precessed through angles AW 
respectively from their positions at t= 7+t. so that the equation 
of the figure that the tips of the M,( 4) vecors make is 6—@, 
where 
@—angular position with respect to the z-axis, 

and @ =angular position with respect to the y’-axis. 
The figure represented by the equation 0= @ is an “eight-ball’’ 
pattern (Fig. 4(f) ). 

The voltage induced in a pick-up coil due to the eight-ball pat- 
tern is due to the integrated linearly polarized component of mag- 
netization, Ve( Aw),t),where 


% (aw t) = M, sin 4e7 sin u(t ©) 


The derivation of the expression for Ve @,t) follows the same 
lines as the derivation of V (Aw) (Fig. 4 (d) ). The induction 
voltage Ve(t) is 


ote 
vit) «f D (a) V(aw ¢) d(aw) 
- 


where: D( Aw) —const. 


p[- «#1 D[+ (441 =0 Ve (ty Me Sears ct 2? sin (Aw), t 


@w), (t-27) Cu), ¢ ] 


The equation for ve (t) predicts maxima at t—27 , and at times 
2a%nT? after that. Only the maximum at t—2T is observed, for 
D(Aw)) is not a rectangular distribution, but conforms more to a 
Gaussian. 

The utility of using the spin echo eight-ball pattern becomes 
apparent when the spin-lattice relaxation time T, is measured. After 
the first r-f pulse is applied, a free induction decay is observed due 
to the M,( 4) vectors assuming a symmetrical distribution with 
respect to the y’-axis. Before the second r-f pulse is applied, some 
of the M, vectors are thermally relaxed into their equilibrium posi- 
tions along the z-axis. Since the number of M,’s which remain in the 
non-equilibrium position (perpendicular to the z-axis), is propor- 
tional to exp(— %), (1—exp(— 4) ) is the number of M,’s which 
are thermally relaxed and align themselves parallel to the z-axis. 
Since the second r-f pulse rotates all M,( 4@) vectors by 90°, the 
M,, vectors which have been thermally relaxed will be rotated down 
into the y’-axis a second time and will form a free induction tail on 
the second r-f pulse. The height of this free induction tail is pro- 
portional to (1—exp(—'t/r) ), and affords a means of measuring 
T, (see Fig. 5). 

The detailed form of the echo signal may be determined mathe- 
matically by assuming a suitable D( AW ) to approximate the actual 
distribution of M,’s over AQ) . In liquids, the echo signal is influ- 
enced by the fact that the M, vectors may diffuse into different 
regions, where H, varies from region to region. Because the wo 
(and therefore the 4W ) may be varying for a particular M, because 
the M, may diffuse into different H, field regions, the phase memory 
of the M,( Aw) vectors will. be artificially destroyed. This destruc- 
tion of phase memory due to diffusion may be accounted for by 
adding a term to Bloch’s equations. Bloch’s equations are the com- 
ponents of the basic torque equation: 


{hh - (M,*M) 


to which terms have been added which represent the relaxation 
effects. 

Thus, to sum up, we see that several very interesting types of 
phenomena are associated with the general spin echo nuclear mag- 
netic resonance effect whose properties may be accounted for quan- 
titatively by classical and quantum theory. The above gives a fairly 
simple sketch of the theory associated with these phenomena. 
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Donald C. Pote asks: 


What bearing 
would my field 
of training have 
on my assignments 
at Du Pont? 


DONALD C. POTE will receive his B.S. degree in Mechanical 
Engineering from Princeton University this June. He’s been 
quite active in interclub athletics—football, basketball and 
baseball—and served a term as Club Athletic Director. He’s 
also found time to work on ““The Princeton Engineer’’ as Asso- 
ciate Editor. Right now, Don is making thorough plans for his 
employment after graduation. 


“Chuck” Noren answers: 


CHARLES H. NOREN received his B.S. in Min- 
ing Engineering from the University of North 
Dakota before he entered the U.S. Air Force. 
Later he returned to school for an M.S. from the 
Missouri School of Mines, received in 1948. Dur- 
ing the course of his Du Pont employment, Chuck 
Noren has had a wide variety of job assign- 
ments. At present he is engaged in a fundamen- 
tal research project concerned with commercial 
explosives at Du Pont’s Eastern Laboratory in 
Gibbstown, N. J. 


NOW AVAILABLE for student ASME 
chapters and other college groups, a 16-mm. 
sound-color movie—‘‘Mechanical Engineer- 
ing at Du Pont.” For further information 
write to E. I. du Pont de Nemours & Co. 
(Inc.), 2521 Nemours Bldg., Wilmington 98, 
Delaware. 


REGU. 5s. PaT. OFF 
BETTER THINGS FOR BETTER LIVING. . . THROUGH CHEMISTRY 


WATCH “‘CAVALCADE OF AMERICA’’ ON TELEVISION 
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The answer to that is easy, Don, if you mean initial assign- 
ments. Generally speaking, a graduate’s first assignment is 
influenced by his previous training and his expressed interest 
in a particular type of work. Whenever possible, Du Pont 
assigns a man to the type of work he is trained for and wants 
—he’ll do better in any field if he’s highly interested. For 
example, my master’s thesis was on the use of explosives, 
and my first Du Pont assignment was a study of the effi- 
ciency of explosives. 

But experience on the job really constitutes new training. 
You learn about other branches of science and engineering — 
you broaden your horizons through daily contacts with 
men having other skills. The result is that arbitrary divi- 
sions between technical branches gradually dissolve, and 
you become ready for new assignments and new responsi- 
bilities—even outside your original field. In my own case, I 
developed quite a bit of skill in mechanical and civil engi- 
neering techniques when I was called upon to supervise the 
“‘shooting”’ of an experimental tunnel for the evaluation of 
new explosives—even though my original training was in 
mining engineering. 

Of course, specialization in a definite field may be con- 
tinued if the man specifically wants it and reveals a'‘talent 
for it. The best opportunities for that are in research and 
development. Naturally, the value of this kind of work is 
also recognized at Du Pont. 

So, no matter what your initial assignme..:i may be, Don, 
Du Pont is anxious to bring out your best. A good rule to 
remember is this. A graduate’s first assignment is often nec- 
essarily based on his field of training and his degree, but his 
subsequent progress at Du Pont is always based on his dem- 
onstrated ability. 





YOU FURNISH THE PRINT, WE’LL FURNISH THE PART 


1/6 MM. FILM_SPOOL 


OF_SYNTHANE . 


~ LAMINATED PLASTIC RESISTS_PHOTOGRAPHIC.— ___ 
CHEMICALS, HOLDS SHAPE, DOESN'T FOG FILM 


The film spool we’re talking about is one used in the 
processing of movie film. The material for this spool has 
to be light in weight, strong and easily machined. Since 
it is always in contact with film and photo solutions, it 
must also be chemically-resistant and—most important— 
not fog the film by chemical contamination. 

This isn’t an easy assignment for any material, but 
Synthane fills the bill. 


Please rush me more information about Synthone laminated 
plastics. 


Nome 
Title 
Company 


Address. 


c----------- --,-, 


Whenever you want parts requiring many properties, 
consider how Synthane’s combined benefits may help you 
improve your product. 

Synthane procuces finished parts from many different 
grades of Synthane laminated sheets, rods, tubes and 
molded-laminated and molded-macerated parts. Service 
and quality characterize Synthane fabrication. 

We can handle the whole iob for you from your print 
to the finished part—climinating your tooling-up, reject 
and machining problems—and producing parts of ex- 
cellent quality at a saving of your time and money. 

For more information about Synthane grades, properties 
and fabrication facilitics, send in the coupon. 


LAMINATED PLASTICS 


SYNTHANE CORPORATION + OAKS, PENNSYLVANIA 
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years 
of weapons 
engineering 
experience 


If you’re looking for an opportunity to work with the finest mindpower 
and facilities in the whole new world of aircraft devclopment...if you 
want to harness the power of great knowledge to your own technical 


training...then you should know this: 


Martin’s cngincering staff represents an aggregate of 10,000 man-years 
| 


ol engineering expericnce, covering every branch of the acronautical 
sciences. 
And there is—and always will be—a need tor outstanding “new blood” 


in this organization. 
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BALTIMORE :- MARYLAND 





Few people, other than organists and organ builders, real- 
ize the planning that must go into making the best possible 
acoustical and architectural conditions for an organ. In a 
way, the trouble is that no one is ever able to hear two 
organs in absotutely alike conditions. Neither are any two 
organs really alike; therefore unbiased comparisons are 
difficult. A poorly built and voiced organ in a reverberant 
church can be temporarily very impressive, while the finest 
quality instrument, superbly voiced, can be a musical fail- 
ure in an improper building. 


It cannot be stressed too strongly that the architect and 
the organ builder work together early in planning efficient 
space, sympathetic acoustics and adequate tone openings. 
It is folly to penalize the future by avoidable neglect of 
these essentials. Conditions always determine the limits 
of the success of the organ. 


organs 


Because machines make parts ri repetition rather than by 
the use of skill and judgment, there are many parts of an 
artistic organ that will always have to be tailored by hand. 


Tone finishing is the element of greatest subtlety in the 
whole organ-building process. It is the Wedding of Plan- 
ning and Environment. As we know, and you can hear, the 
Wedding can be shotgun or inspirational. The musical 
offspring suffers or develops accordingly. 


Nature eloquently limits, by virtue of the physiology of 
the human ear, the amount of this concentrated discrim- 
ination that can be performed in a period of time—one 
more convincing testimony of the compelling weight of 
natural laws in every phase of art. 
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Pipes differ in size, shape and materials used. Here we see 
at the top the large pipes in the pedal section from the 
West Point organ. The other views portray other types 
including open, closed, wood, and metal pipes. Notice 
that some are as small if not smaller than pencils. 





You have read of Engineering. This is 
the "Prelude."' Production is the 
"Fugue," the forming of the organ 
from the embryo evolved by fore- 
going process. Each organ, being con- 
ceived for its specific function, re- 
quires individual treatment. 

Sheer efficiency and time schedules 
are implied here as the logical accom- 
paniments to this job. In any manu- 
facturing process, these elements are 
of considerable importance, along 
with an healthy regard for modern 
methods. 

However, where quality is subject and 
counter subject and the main consid- 
eration, speedups and production-line 
methods will not do, either for the 
artistry of the result or for the frame 


of mind of the craftsraen creating it. ZS 
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Whether of one or five manuals, every 
console case must be equally rugged, 
and at the same time made to pre- 
cise proportions. 

As in other features of the organ, 
quality in consoles shows itself readily 
to those who are informed. 

Just as the console case must be rug- 
ged, the interior and functional parts 
must withstand great use and abuse. 
Practice and recital organs have sev- 
eral hundred years of normal use in 
a very short time. Literally hundreds 
of millions of operations take place 
with split-second precision. As with 
the rest of the organ, the test of 
console quality is endurance. 

Many "mass-production" minded fecl 
that wood, felt, leather and delicate 
springs are antique materials for a 
modern device. The purpose of the 
console, however, is not only to con- 
trol the organ but to fit the player— 
it is really an extension of him. Science 
has yet to improve on the unique 
tactile feature of these materials. 
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The Riverside Church Console 
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Wallace if arnes Springs 


Laprister Connecticut 


Springmakers for four generations 
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FOF-8 COUGAR 


NO TIME TO 
CALL ROSIE... 
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inside a modern first-line jet fighter like the FOF-8 
Cougar. Even if there. were time, they could not be 
built overnight. And yet, complex as they are, Grum- 
man still designs and builds them in record time. 
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If an enemy struck, there would be no time to make riveters of housewives, 
no time to build over 12,000 fighters as Grumman did Hellcats during 
World War II. Your government believes we must always have the 
airpower to defend us and to strike back instantly. To design and 
build these weapons now and over the next few decades, Grumman 
will need engineers like yourself. 

Grumman, 25 years old this year, offers you many advantages. 
So does Long Island as a place to live and play. 
To get the facts, write for your copy of: 
Engineering For Production. 


GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage - Long Island - New York 
Designers and builders of the supersonic Tiger, 


transonic Cougar jet fighter, S2F sub-killer, Albatross 


amphibian, metal boats, and Aerobilt truck bodies 
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Engineering Department 
Grumman Aircraft Engineering Corporation 
Bethpage, Long Island, New York 







Please send me a Name 






copy of Engineering University 





Grad. Year 





for Production. 
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City 
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“POWER OFF!” Test operations are directed from this central control room, where 
special measuring instruments greatly speed up the collection of pump performance 
data. That’s one way Worthington products are made more reliabie by using... 


... the world’s most versatile hydraulic proving ground 


When you make pumping equipment that has to stand up and 
deliver year after year anywhere in the world, you've got to be sure 
it will perform a specified. 

That’s why we buit one of the world’s largest hydraulic test 
stands at our plant in Haiison, New Jersey. Here, over a half- 
acre “lake,” we can check the performance of anything from a 
fractional horsepower unit to pumps handling over 100,000 ga.lons 
a minute. When you realize there are thousands of sizes and types 
of centrifugal pumps alone, you get an idea of the versatility we 
had to build into our proving-ground. 

Naturally, our new test equipment is a big help to our research 
eng-neers, as well as our customers. Now they get performance 
data on products quickly and accuratety. Using it, we can save 
months, even years, in developing new Worthington fluid and air- 
handling devices— equipment for which this company has been 
refrigeration unit (lower left) now in service as one of the Ara- famous for over a century. For the complete mary of how yom sae 
bian American Oil Company’s central air conditioning units in “i into wy Worthington picture, write r, F. Thompson, Mer., 
Dhahran, Soudi Arabia. ersonnel & Training, Worthington Corporation, Harrison, N. J. 

4.25A 


COMPREHENSIVE TESTS are run on a Worthington centrifugal 


See the Worthington representative when he visits your campus 
See the Worthington 


Corporation exhibit in 
New York City. A lively, 
informative display of 
product developments 
for industry, business and 


the home. Park Avenue 
and 40th Street. 


When you're thinking of a good job—think high—think Worthington 


AIR CONDITIONING AND REFRIGERATION + COMPRESSORS + CONSTRUCTION EQUIPMENT + ENGINES + DEAERATORS + INDUSTRIAL MIXERS 
LIQUID METERS - MECHANICAL POWER TRANSMISSION + PUMPS + STEAM CONDENSERS + STEAM-JET EJECTORS * STEAM TURBINES + WELDING POSITIONERS 
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conformity in premedical education 


by Myles Maxfield, M.D., Ph.D. 


Conformity in Premedical Education 
Myles Maxfield received his A.B. from Harvard 
in physics, his M.D. from Harvard Medical 
School, and his Ph.D. from M.I.T. in biophysics. 
He is Assistant Professor of Biophysics, Adviser 
to Premedical Students and Assistant Physician in 
the Medical Department at M.I.T. 


At the present time in our society great pres- 
sure is exerted upon individuals and institutions 
to conform to a single pattern. It is our duty as 
citizens to consider our behavior most cavefully, 
that we may act with the greatest maturity of 
judgment, accuracy of logic, and depth of human 
feeling and understanding of which we are ca- 
pable. It is essential to the democratic way of life 
that the will of the majority should rule; it is 
equally essential that the opinions of the minority 
be heard, considered and respected. Some in- 
crease in degree of uniformity of policy among 
educational institutions is inevitable as communi- 
cation among them is improved and as the num- 
ber of independent sources of income diminishes. 
Nor is this entirely undesirable. Increased dis- 
cussion leads to improvement of ideas; greater 
uniformity may lead to higher efficiency. But it 
must not be permitted to stifle originality, re- 
strict individual freedom unnecessarily, or pro- 
hibit experimentation. How may these thoughts 
apply to premedical education and in particular 
what have they got to do with premedical educa- 
tion at M.I.T.? 

In the early years of this century there were in 
existence many more medical schools than there 
are today. There were no uniform standards re- 
quired for admission to medical school. Many of 
these schools deserved the term “diploma mills.” 
Sometimes graduation from high school was all 
that was required for admission. With the growth 
in strength of the Association of American Medi- 
cal Colleges, the level of medical school standards 
was improved and some uniformity introduced. 
Schools which could not meet these high stan- 
dards either closed or joined with schools that 
could. American medical schools now require 
from two to four years of undergrduate college 
work for admission. 

Individual medical schools publish and distri- 
bute catalogues describing their schools and their 
educational programs, the goals toward which 
they strive, the type of person they seek as an ap- 
plicant for admission and the prerequisites which 
he must satisfy. In the last five years these pre- 
requisites have been collected in an annual publi- 
cation entitled ‘Admission Requirements of 
American Medical Colleges” by John M. Stal- 
naker. This publication is authoritative, conve- 
nient, an efficient source for this material, and 
should be consulted by every prospective medical 
student. Among other things it has served to 
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point out the disparity among the undergraduate 
courses required for admission to different medi- 
cal schools. There was a much greater disparity 
among the courses merely recommended to the 
prospective applicant. The overly conscientious 
premcdical student, attempting to take the 
courses recommended by all medical schools, had 
a schedule consisting almost entirely of courses 
in biology, chemistry and physics. He had no de- 
tailed knowledge of any one of these fields and a 
complete lack of education in the humanities and 
social sciences. To discourage this, the 1955 edi- 
tion of Stalnaker’s book lists only the courses re- 
quired by each medical school. It is now possible 
to complete the specific course requirements of at 
least three-fourths of the American medical 
schools in the equivalent of one year of college 
work. At the same time, most medical schools 
strongly encourage four years of premedical edu- 
cation. 

This trend toward uniform premedical educa- 
tion has not ceased. At a meeting of premedical 
advisors of eastern universities at New York in 
early January of this year it was recommended 
that all medical schools establish identical course 
requirements for admission. Drs. Severinghaus, 
Carman, and Cadbury in their excellent volume 
“Premedical Education in the Liberal Arts Col- 
lege” recommend that the three-fourths of college 
courses not specified for admission to medical 
school be used by the student to acquire a broad 
liberal education. Many universities have estab- 
lished special premedical curricula in which all 
premedical students receive essentially identical 
training. 

It is at this point that we must stop and con- 
sider how much uniformity is desirable in pre- 
medical education. Is it to the benefit of the medi- 
cal profession and the nation to conform to these 
proposed standards? Certainly standards of at- 
tainment of premedical students should be high. 
Medicine is a field of many specialties requiring 
the use of many and varied skills. A stereotyped 
premedical education is bound to neglect areas of 
learning important to some phase of the life of a 
physician. The stereotyping of any form of edu- 
cation gives rise to grave danger of perpetua- 
tion of mediocrity. The unusual student with the 
unusual background must be carefully consid- 
ered in the light of his potential contribution to 
medicine. 

The term “broad liberal education” should be 
examined. If “broad” implies superficiality, if 
“liberal” implies absence of scientific knowledge, 
then this is not a proper description of a sound 
premedical education. It should be kept in mind 
that in this country at this time “anti-intellectu- 
alism” is in evidence in many quarters and that 
a feeling of “‘anti-science” is a part of this ten- 
dency among some medical school admissions 
committees. 





Our interpretation of the term “broad liberal 
cducation” may be explained by a consideration 
of the M.I.T. premedical program. The program 
of premedical education at M.I.T. is based on sev- 
cral principles: (1) The specific requirements for 
admission to medical school must of course be 
satisfied. (2) A high degree of competence should 
be achieved in some field of learning. The choice 
of the particular major field of learning belongs 
to the individual premedical student so that he 
may develop to the fullest extent his own inter- 
ests and abilities. (3) Through elective subjects 
and through the required four year program in 
the humanities and social sciences, the student 
should gain some insight into fields of learning 
other than his major and other than science. (4) 
Extracurricular activities should be encouraged 
to an extent not detrimental to high academic at- 
tainment. Here the student learns a great deal 
about good citizenship. (5) The premedical stu- 
dent should be helped to gain some insight into 
his own motivations and personality before he en- 
ters into the study of medicine. (6) A flexible pro- 
gram adaptable to the individual must be complex 
hence a premedical adviser is necessary. 

The premedical program at M.I.T. guided by 
the above principles is carried out as follows: 
The premedical student entering M.I.T. takes a 
standard first year curriculum which has room 
for two elective subjects with which the student 
may explore some courses of possible interest to 
him. He should consult the Adviser to Premedical 
Students in the Biology Department as soon as 
possible after admission, At the beginning of his 
second year the premedical student may choose as 
a major almost any of the 21 available Courses 
of study. There is no special premedical course. 
About half of the premedical students choose Bi- 
ology This course appears to be a natural one for 
students interested in medicine and has been de- 
signed with the needs of the premedical student 
in mind. Course XXI offered for the first time in 
the fall of 1955 deserves special mention. In this 
course, the student may acquire competence both 
in a field of science and in a field of humanities 
or social science by dividing his time equally be- 
tween the two. This course should prove to be of 
great interest to prospective medical students. 
Table I shows the number of students who have 
gone to medical school from each of the courses. 
This list does not include all M.I.T. alumni who 
have gone to medical school. 

The sophomore, junior and senior three years 
are spent in completing the requirements for a 
degree in the major course. Elective subjects are 


Table I 


No. of Physicians 
Graduated from E 
Course Each Course Course 


XII 
II 14 XIII 
III 1 XIV 
IV 3 XV 
V 22 XVI 
VI 11 XVII 
VII 229 XVIII 
Vill 9 XIX 
IX 20 XX 
X 24 
XI 0 


No. of Physicians 
Graduated from 
Each Course 
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used to fulfill specific medical school prerequisites 
and to gain further knowledge in fields of interest 
to the student. A minimum of eight semesters of 
humanities or social science subjects must be 
taken. 

In order to assist the premedical student to gain 
some insight into his own motivations, personality, 
and emotional problems a series of psychodynam- 
ics groups have been formed in the Medical De- 
partment under the direction of Dr. Herbert 
Harris and Dr. Preston Munter. These are groups 
of about 10 premedical students who meet weekly 
with a psychiatrist for an hour of discussion. 
These groups have demonstrated their popularity 
and usefulness in their three years of operation. 

For students who are in doubt as to the career 
of their choice and who are considering medicine, 
several of the physicians in the Medical Depart- 
ment are willing to answer questions. Each fall 
there is a convocation of premedical students for 
discussion of the profession as a career. 

In the spring of his junior year each premedical 
student should take the Medical College Admis- 
sions Test. This test is required for admission to 
almost all medical schools. At the beginning of 
the senior year applications for admission to med- 
ical school should be submitted. 

It is apparent that the M.I.T. premedical pro- 
gram does not conform to some common present 
day customs and opinions in premedical educa- 
tion, There is no single curriculum exclusively for 
premedical students. It is felt that individual 
choice of course provides a better opportunity for 
the exercise of the special talents of each student. 
The emphasis at M.I.T. is on education in science 
and engineering as it should be in an institution 
of this type. This is also important because of 
the increasing scientific content of medical 

Table II 
No. of M.L.T. 


student who 


Medical School have attended 


Harvard 
Tufts 41 
Boston University 34 
Johns Hopkins 22 
New York University 14 
Cornell 14 
Yale 13 
Columbia 10 
Rochester 

Northwestern 

U. of Cincinnati 

U. of Pennsylvania 

U. of Michigan 
Pittsburgh 

Georgetown 

Chicago 

Rush 

N. Y. Medical College 

St. Louis 

Buffalo 

Jefferson 

McGill 

Wayne 

Washington U., St. Louis 
Western Reserve 

U. of Washington 

U. of Vermont 

Other Medical Schools 
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thought. This emphasis is, how- 
ever, tempered by a very active 
and robust program in the hu- 
manities and social sciences. The 
active interest in the emotional 
well being of the student at 
M.1.T. encouraged by the pro- 
gressive Medical Department un- 
doubtedly has increased the in- 
tellectual productivity and emo- 
tional stability and maturity of 
the student body. 

The success of the premedical 
program at M.I.T. and _ the 
soundness of the principles upon 
which it is based are clearly 
demonstrated by the excellent 
record of M.I.T. students on the 
Medical College Admission Test, 
and by the high rate of accep- 
tance of these students to medi- 
cal school, 

M.1.T. alumni have been ac- 
cepted for admission to the lead- 
ing medical schools in the coun- 
try. Table II shows the number 
of alumni who have attended 
each of several medical schools. 

This list does not include all 
the students who have gone to 
medical school. The record of 
M.I.T. alumni in medical re- 
search, teaching, and practice is 
something of which we can be 
justly proud. 

In spite of the demonstrated 
success of this program it is the 
active policy of M.I.T. to ex- 
pand and further implement its 
premedical program, This prog- 
ress is being made as follows: 

1) Part of course XXI, the 
combined science and humani- 
ties course is being specially de- 
signed to be suitable for pre- 
medical students 2) The M.I.T. 
Admissions Office is carrying 
information about our premedi- 
cal program directly to high 
schools throughout the country. 
As the number of these appli- 
cants to M.I.T. increases the 
standards should also further 
increase, 3) Establishment of 
closer contact between M.I.T. 
and medical schools is being fos- 
tered. This should make us 
more directly aware of the 
needs of medical schools and 
should enable us to present di- 
rectly to them our points of 
view. 4) A thorough study of 
M.1.T. Medical Alumni and their 
contributions to medicine is in 
progress by Dr. P. Munter and 
the adviser to Premedical Stu- 
dents. In this way we hope to 
learn how to further improve 
the existing premedical program 
at M.I.T. 
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engineering || physics 
learn how you can assure 
your future 
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Read North American Aviation’s 


“Time, Space, 


and You” — 


a new booklet offering you a 


more challenging career in the 
fields of Guided Missiles, 
Propulsion Systems, and 


Nuclear Engineering . . 


. and an 


opportunity to live in 


Southern California. Send for 


your free copy today. 
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write to: 
DIRECTOR, ENGINEERING PERSONNEL 
MISSILE AND CONTROL EQUIPMENT 
NORTH AMERICAN AVIATION, INC. 
Downey, Los Angeles County, California 


Name 





Address 





City _Zone State__ 
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


Cambridge, Massachusetts 


The MASSACHUSETTS INSTITUTE OF TECHNOLOGY offers the following Professional Courses: 


Sehool of Architecture and Planning 


Architecture 


Aeronautical Engineering 
| Building Engineering and Ccnstruction 
Chemical Engineering 
Chemical Engineering Practice 
Civil Engineering ~ 
Options: Theory and Design 
Planning and Administration 
Construction and Management 
Electrical Engineering 
Options: Electric Power 
Electrical Communications 
Electronic Applications 


Biechemical Engineering 

Chemical Biology 

Chemistry 

Food Technology 

Fvod Technology—Five Year Course 
General Science 


School of Humanities and Social Studies 


Econémies and Engineering 
Courses: Based on Mechanical Engineering 
Based on Electrical Engineering 
Based on Chemical Engineering 


City Planning 


School of Engineering 


Electrical Engineering-Cooperative Course 
General Engineering 


Marine Transportation (suspended 1952) 


Mechanical Engineering 
Metallurgy 
Options: Metallurgy 
Mineral Engineering 
Meteorology 
Naval Architecture and Marine Engineering 


School of Science 


Geology 

Geophysics 
Mathematics 
Physical Biology 
Physics 
Quantitative Biology 
Science Teaching 


School of Industrial Management 


Business and Engineering Administration 
Courses: Based on Physical Sciences 
Based on Chemical Sciences 


The duration of each of the above undergraduate Courses is four academic years and leads to the 


Bachelor’s degree, with the following exceptions: (1) Architecture, which is a five-year course leading to 
the Bachelor’s degree; (2) Chemical Biology, Food Technology (Five Year Course), Physical Biology, and 
the Cooperative Course in Electrical Engineering, which extend over a period of five years and lead to 
the Bachelor’s degree and the Master’s degree; (3) Science Teaching, which is of five year’s duration and 
leads to the degree of Bachelor of Science from the Massachusetts Institute of Technology and the de- 
gree of Master of Arts in Teaching from Harvard University. 


Graduate study may be pursued in Textile Technology, Ceramics, Sanitary Engineering, and in most 
of the above professional Courses. The Master’s and Doctor’s degrees are offered in most of these fields. 
For information about admission, communicate with the Director of Admissions. 


The Catalogue for the academic year will be sent free on request. 


THE TECH ENGINEERING NEWS 





PITTSBURGH PLATE HAS MANY IRONS IN THE FIRE 


... maybe you should have a grip on one of them! 


Although Pittsburgh Plate Glass Company is the best 
known name in glass, it is also one of the nation’s leading 
producers of paints and brushes, of alkalies and related 
chemicals, of plastics and fiber glass. 

These multi-industry operations offer the college grad- 
uate many and varied types of careers in manufacturing, 
research, marketing, sales and administration. 

PPG’s record is one of continual growth throughout 
its more than 70 year history. Its operations are nation- 


PAINTS - GLASS - CHEMICALS - 


Pit Yeas G H- 


BRUSHES - 


PLATS 


wide and in many foreign countries. Progressive policies 
assure unlimited opportunities for alert men who are 
looking ahead to more than “‘just a job.” 

PPG is seeking good men with college training. If you 
think you’d like to try your “grip” on one of the many 
PPG “irons,” you're invited to write today for more 
information. Just address: Pittsburgh Plate Glass Company, 
General Personnel Director, One Gateway Center, l’itts- 
burgh 22, Pennsylvania. 


FIBER GLASS 
COMPANY 


PLASTICS - 


Ginz s > 


319 PLANTS, MERCHANDISING BRANCHES, AND SALES OFFICES LOCATED IN 250 CITIES 


MARCH, 1955 





AMONG THE THINGS THAT INTEREST R-W PEOPLE: 


mprove a company’s operations... 
: decrease its costs? 


If so—wheré 


To assist managements in answering such 


In production control? Payri l accounting? questions, The Ramo-Wooldridge Corporation 


; through its Computer Systems Division, offers 

Customer billing: 2 7 , to business and industry the consulting services 
F t t tion; ¥ of a team of scientists, engineers and business 
actory automation : pg methods and procedure analysts experienced 

, ME. J] in the application of modern analytical and 

, a in machine methods. With no equipment of their 


What make of equipment 1s hesé: et s own to sell to non-military customers, but with 
What changes in company methods and understanding of available machines and 


techniques, this group is in a position to be 


procedures would be required 2 objective in its recommendations. 


Positions are available at The Ramo-Wooldridge Corporation for scientists 
and engineers in these fields of current activity: 


Guided Missile Research and Development 
Radar and Control Systems Development _—_ Digital Computer Research and Development 
Communication Systems Development Business Data Systems Development 


The Ramo-Wooldridge Corporation 


8820 BELLANCA AVENUE, LOS ANGELES 45, CALIFORNIA 
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1928—Engineers calculating 
development problems 


1955—Solving complex engineering problems with Boeing computer 





The best research facilities are behind Boeing engineers 


The Boeing-designed electronic comput 
ers shown above solve in seconds prob- 
lems that once required weeks—typical 
of the advanced “tools” that help Boeing 
engineers stay at the head of their field. 


Boeing engineers enjoy such other ad 
vantages as the world’s fastest, most 
versatile privately owned wind tunnel, 
and the new Flight Test Center—the 
largest installation of its kind in the coun 
trv. This new Boeing Center includes 
the latest electronic data reduction equip 
ment, instrumentation laboratories, and 
a chamber that simulates altitudes up to 
100,000 feet. Structural and metallurgi- 
cal research at Boeing deals with the heat 
and strain problems of supersonic flight. 
Boeing electrical and electronics labora 


tories are engaged in the dev elopment ot 
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automatic control systems for both 
manned pilotless aircraft. Other 


facilities include hydraulic, mechanical, 


and 


radiation, acoustics, and rocket and ram 
jet power laboratories 


Out of this exceptional research back 
ground engineers have developed such 
trend-setting aircraft as America’s first jet 
transport, and the jet age’s outstanding 
bombers, the B-47 and B-52. 
means growth—and career progress. To 


Researc h 


day Boeing employs more engineers than 
even at the peak of World War II. As 
the chart shows, 46% of them have been 
here 5 or more vears; 25% for 10, and 
6% for 15. , 

Boeing promotes from within and 
holds regular merit reviews to assure 


individual recognition. Engineers are 


0% 
| 
| 
| 





encouraged to take graduate studies 
while working and are reimbursed for all 
tuition expense 


There are openings at Boeing for 
virtually all types of engineers —elec 
trical, civil, mechanical, aeronautical 
and related fields, as well as for applied 
physicists and mathematicians with 
advanced degrees 

For further Boeing career information 

consult your Placement Office, or write: 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Company, Seattle 14, Wash. 


SS OOEMNM is 


SEATTLE, WASHINGTON 


WICHITA, KANSAS 
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american petroleum supply and 
emand for now and the future 


by Hermatilda Klutz 


rom figures of January 1954, the United 
States was producing crude oil at the rate of 2,320 
million barrels (42 U. S. gallons to a _ barrel) 
per year out of total proven reserves of 28,945 
million barrels while the rest of the free world 
had a production rate of 2,140 million barrels per 
year and proven reserves of 118,204 million bar- 
rels, At this rate, the depletion rate of American 
petroleum is 8.0% while that of abroad is only 
1.8%. Thus the life of current American proven 
reserves at the present production rate will be 
only 12.5 years while for abroad the correspond- 
ing life will be 55 years. The high American de- 
pletion rate is undesirable from the standpoints 
of national defense and production efficiency. 
America is the biggest user and producer of pe- 
troleum, the country which has carried out by 
far the most extensive search for oil fields, whose 
oil companies are scratching the earth to find 
every last drop of oil reserves, and yet it is prob- 
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ably the most inefficient producer of petroleum 
in the world once the reserves have been found. 
This grave condition is easily traced to the par- 
ticular economic conditions of the United States 
where competition in the oil industry plays a 
greater role than in any other country. The pres- 
ent is easily understood, but what about the fu- 
ture? 

The American petroleum industry operates 
under a business cycle as shown by figure 1, 
which is a plot of the price of crude oil (actually 
the average price, since different grades of oils 
have different prices) from 1860 to the present. 
As any other business cycle, this one shows four 
distinct phases: expansion, recession, contrac- 
tion and revival. By plotting the rate of growth 
or contraction of proven reserves (which repre- 
sent supply) and consumption (which represents 
demand) along with average crude price changes, 
Ospinas-Racines showed how supply and demand 
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TABLE I 


1951 1950 1949 1948 1947 1946 1945 

No. of wildcat wells drilled 11,756 10,306 9,058 8,013 6,775 5,753 5,613 
Billions of bbl. of proven 

U. S. reserves 27.47 25.27 24.65 23.28 21.49 20.87 19.94 
Annual production in 

billions of bbl. 2.214 1.944 1.819 2.002 1.850 1.726 _...... 
Annual new discoveries and 

developments in billions 

of bbl. 4.414 2.563 3.188 3.795 2.465 2.658 _...... 
Rate of depletion 8.1% 7.7% TA% 86% 86% 83%  ..... 


U. S. reserves, Jan. 1, 1954: 28.94 billion barrels; U. S. production 


1954 (est.): 


2.320 billion barrels; Rate of depletion==8.0%. 


influenced prices during the four phases of a cycle 
between 1915 and 1940. See figure 2. 

The idealized growth in business should follow 
an exponential rise as does compound interest. 
Supply growth for instance expressed as 


S.=S, (1+r)" 
where 
S,—initial supply 
S.—subsequent supply 
r—rate of growth 
n—number of years elapsed. 
Plotted on semi-logarithmic co-ordinates the 


above expression is a straight line, and the rela- 
tive rates of growth of prices, supply and de- 
mand are interpreted by the slopes of their 
graphs. The functioning of supply and demand 
for the four phases of the business cycle of figure 
2 is quite obvious and is as would be expected. 

The behavior of the petroleum industry since 
1945, when ceiling price restrictions were re- 
moved from crude oil prices, is given in figure 3. 
In three years, prices shot up by over 100% toa 
level at which they have remained to the present. 
This was not due so much to changes in supply 
and demand since the war as to the removal of 
price restrictions, a price increase adjustment 
and overshoot and subsequent leveling off until 
the supply and demand catches up. The conse- 
quent rate of return for the net worth of the pe- 
troleum industry has been larger since the war 
than that of the manufacturing industry. It ap- 
pears that the petroleum industry is not yet in 
the recession phase of the business cycle, but is 
fluctuating about the eventual average rate of 
growth of the expansion phase, 

The phase of the business cycle directly affects 
the degree of exploration for new oil fields and 
exploitation of known ones. In a seller’s market 
oil fields produce at higher rates, and more ex- 
ploration is carried out, than in a buyer’s mar- 
ket. An index of exploration, the number of wild- 
cat (exploratory) wells drilled during the seller’s 
market between 1945 and 1951, was steadily in- 
creasing, and the degree of exploitation (rate of 
depletion) remained about the same, largely be- 
cause of the success of exploration efforts in lo- 
cating new reserves. See table 1. 
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But in spite of the success of exploration in 
keeping the rate of domestic exploitation con- 
stant, what the American petroleum industry ac- 
tually needs is a substantial decrease in this rate. 
The first reason, national defense, is obvious: it 
is nice to have lots of oil handy where it can be 
produced quickly in the event of a future emer- 
gency. The second reason is one that confronts 
the etroleum engineer. Oil is squeezed out of a 
reservoir either by natural gas pressure above 
it, or by water pressure from beneath it, or a 
combination of both. If a gas drive reservoir is 
tapped at too high a rate, gas dissolved in the oil 
as well as gas pushing the oil will be released. 
The remaining oil in the reservoir will conse- 
quently be more viscous and have less of a gas 
force pushing it, and less of the total under- 
ground oil will be recovered. If a water drive res- 
ervoir is tapped at too high a rate, water, instead 
of rising as a level horizon beneath the oil, will 
tend to rise most near the well, and eventually 
the well will be producing water with the oil 
trapped to the sides. Under optimum conditions, 
the recovery of all the crude oil in a reservoir is 
80°~, but American producers recover only from 
25° to 50% of the underground total. Further 
recovery can be obtained only with secondary 
production processes of oil field rejuvenation, but 
the fractional recovery that could be obtained if 
the original production were choked to the opti- 
mum producing rate would still be greater than 
that from a high depletion rate followed by sec- 
ondary recovery methods. Petroleum engineers 
have calculated that an oil field must have a life 
of from twenty to thirty years for a maximum 
efficient recovery. The corresponding rate of de- 
pletion is from 3.3% to 5.0°¢. The present free 
foreign depletion rate of 1.8% is even below this 
and recovery is very efficient, but the United 
States rate of 8.0 is too high, and recovery, as 
cited above, is too low. 

The rate of depletion in the United States 
would be much worse were it not for proration 
and other conservation policies recommended by 
the Interstate Oil Compact Commission. The 
1IOCC was established by act of Congress in 1935 
and twenty of the twenty-six petroleum produc- 
ing states belongs to it now. By proration it limits 
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Actual storm ahead as pilot sees it on radar scope. 
It indicates that, by changing course very slightly, 
he will find a smooth, safe route. 


“ondi” AIRBORNE RADAR... 


Bendix* Airborne Radar, a device carried right in the 
airplane to spot storms miles ahead, has been used by 
the military for several years. Now Bendix is supplying 
it to airline and company-owned aircraft. 

This new device does what human eyes cannot do. 
It not only sees up to 150 miles ahead, even in the 
blackest night, but also looks right through storms and 
shows their size and intensity. 

In the small photo above, for example, you can see 
white areas which are a line of storms. Those with black 


centers represent great turbulence. With only a slight 


change in course the pilot avoided these storms. 


Airlines are buying Bendix Airborne Radar because 
it makes possible a more comfortable, swifter ride on a 
more direct course. Without airborne radar it has often 
been necessary to fly many extra miles to avoid storms 
whose areas and intensities were not definitely known. 

Pilots hail it as one of aviation’s most important 
developments, not only because of its storm-warning 
accuracy, but because it also acts as a navigational aid. 
Even in heavy overcasts it can see rivers, mountains 
and the outline of the terrain below. Write Bendix Radio 
Division in Baltimore for further information. 


This is one of the hundreds of products Bendix has 
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PRINCIPAL DIVISIONS AND BASIC PRODUCTS 


BENDIX RADIO, TOWSON, MD. 


radar; auto, railroad, mobile 
and aviation radio; television. 


ECLIPSE MACHINE, ELMIRA, N. Y. 
bicycle coaster brakes, Stromberg carburetors, 
electric fuel pumps, starter drives. 


SCINTILLA, SIDNEY, N. Y. 
aviation ignition systems; industrial engine 
magnetos; diesel fuel injections; electrical 

connectors; ignition analyzers. 

ZENITH CARBURETOR, DETROIT, MICH. 
automotive, marine and small engine carburetors. 
BENDIX-SKINNER, DETROIT, MICH. 
micronic filters. 


PACIFIC, NORTH HOLLYwoop, CALIF. 


telemetering equipment; hydraulic and electric 
actuators; depth recorders; boat steerers. 


BENDIX FRIEZ, TOWSON, MD. 
meteorological instruments, precision instruments 
and recorders. 


BENDIX PRODUCTS, SOUTH BEND, IND. 


automotive brakes, carburetors, power steering; 
aviation brakes, landing gear, fuel metering. 


ECLIPSE-PIONEER, TETERBORO, N. J. 
aviation instruments and components; foundry. 


MARSHALL-ECLIPSE, TROY, N. Y. 
brake blocks, brake lining, synthetic resins, 


& 
finds a smooth corridor tg Mg 
electronic tubes; dynamotors, inverters. 
CINCINNATI, CINCINNATI, OHIO 


. through stormy skies! schigaam nate itr 


BENDIX COMPUTER, LOS ANGELES, CALIF. 
digital computers. 


developed and manufactured for the aviation industry. We HAMILTON, HAMILTON, OHIO 



































jet engine controls and aircraft pumps. 


: “eo f h d f LAKESHORE, ST. JOSEPH, MICH. 
and chemical components and devices for those and scores o power steering and automotive devices. 


also make hundreds of other automotive, electronic, nuclear 


other industries. A request on your company letterhead will Utica, UTICA, N. Y. 
aviation components. 


MONTROSE, SOUTH MONTROSE, PA, 
aviation components. 


PIONEER-CENTRAL, DAVENPORT, IOWA 
aviation instruments and components. 
YORK, YORK, PA. 
electronic devices; test equipment. 
BENDIX-ECLIPSE OF CANADA, LTD. 
Windsor, Ont. 


BENDIX INTERNATIONAL 
New York City 


bring you “Bendix and Your Business” 
—the complete Bendix story on how 
we can contribute to your business. For 
engineers interested in a career with us, 
we have another booklet ‘‘Bendix and 
Your Future.” 


BENDIX AVIATION CORPORATION 
Fisher Building «+ Detroit 2, Michigan 





*REG. TRADE-MARE 
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the quantity of oil produced by 
each operator to a fraction of his 
total productive capacity. The 


proved reserves would not exist 
now were it not for the IOCC. 
Proration is not as workable 
and flawless a plan of production 
conservation as unit operation. 
In unit operation, a whole oil 


field is controlled as a unit by 


See: ee T . . oxy 
y , 1950 one operator. Only the necessary 


IOCC has no authority to en- 
$9 force proration, but it relies on 
the co-operation of the states. 
Other conservation projects of 
. 7 the. IOCC include publication of 
Fig. z. Avg. Price of Crude Oil conservation literature and at- 
hi taaide tending conventions where con- 
servation problems are discus- 
is sed. It has been estimated that 
twenty per cent of the present 
| 
4 


_ number of oil wells are drilled 


and the optimum production is 
easily followed. In foreign pe- 
troleum fields this is generally 
the method because each explor- 
ing company usually acquires 
larger mineral franchises than 
in the United States and most 
new oil fields are entirely cov- 
ered by these franchises. In the 
United States, most oil fields are 
operated by many different pro- 
ducers, and they all compete. 
Under the “rule of capture” ex- 
cess drilling and production are 
motivated by the necessity that 
each operator has to capture his 
oil before it is drained off by his 
neighbor. Competition among oil 
companies abroad is rare except 
for the actual bargaining with 
governments for exclusive fran- 
chises. Indeed, many foreign in- 
vestments are economically feas- 
ible only with exclusive fran- 
chises, for large returns and 
maximum efficiency recovery of 
unit operation must be attained 
in order that oi! from far can 
compete with oil from near. 
Should the United States 
simply decrease proration quotas 
until the maximum efficient rate 
is attained the production prob- 
lem would still not be solved. 
Demand must be met in order 
that oil prices do not soar and 
the only present economic way 
to supplement a limited domestic 
production would be to import 
the difference. The decrease in 
production that would result if 
the rate of depletion of American 
oil fields were dropped from 
8.0% to 5.0% is (%%) x 2,820= 
870 million barrels of oil per 
year. This is the minimum im- 
port requirement. The United 


THE TECH ENGINEERING NEWS 





of the basic industries 
Bendix products play a 


ATOMIC ENERGY 


RAILROAD PETROLEUM 


Diversification is an important asset in business. 

Especially so from the viewpoint of the engineer 

ause: 

It encourages and promotes freedom of ideas. Keeps 
engineering ingenuity flexible and adaptable. In short, 
gives full vent to an engineer’s creative ability . . . 

While at the same time it provides a healthy, stable, 
secure foundation for both the company and the 
individual to build and expand. 

If diversification in business appeals to you as a 
— engineer, you'll be greatly interested in the 

endix Aviation Corporation. 

For Bendix is unlike any other company in America 
in its versatility, facilities, experience, range of products 
and different fields of engineering endeavor. Nearly a 


in which 
vital role 


AUTOMOTIVE 


COMPUTERS 


CONSTRUCTION AGRICULTURE 


A SOUND REASON WHY Gemof~ OFFERS TODAY'S 
ENGINEERING GRADUATE AN UNLIMITED FUTURE! 


thousand different products are produced by our 24 
manufacturing divisions. 

As a result, we not only offer a wide choice of 
locations coast to coast but also career-building oppor- 
tunities as broad as your ambition and ability in 
mechanical engineering . . . hydraulic mechanisms . . . 
electronics . . . magnetics .. . computers . .. S€rvo- 
mechanisms . . . radar research .. . ee cee 
solid-state physics . . . instrumentation . . . radiation 
detection . . . nuclear physics . . . guidance and con- 
trol systems plus many more engineering fields of 
challenge. 

Write for your copy of “Bendix and Your Future.” 
It gives the full story about Bendix, its products and 
employment opportunities. 


BENDIX AVIATION CORPORATION 


Fisher Building ¢ Detroit 2, Michigan 


A Bendix representative will be at your campus soon. Make a note now 
to talk with him. Check your placement bureau for time and date. 
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however, are largely caused by 
extension and revision of present 
reserves, and increase in re- 
serves due to new fields are 
minor, See, for instance figure 
4, for the additions to reserves 
vs. production in California. 
Eventually, since our oil fields 
are not inexhaustible, produc- 
tion will be greater than discov- 
ery, and some day the oil fields 
will run dry and no more will be 
discovered. Decreasing the rate 
of depletion can only shove this 
remote day further into the fut- 
ure but never cancel it unless 
production were completely stop- 
ped which is ridiculous. This 
black day when the United 
States runs out of producing oil 
wells has been predicted as just 
around the corner for over 
thirty years, 

In 1918 the United States 
Geological Survey estimated that 
the current recoverable reserves 
in th ecountry were less than 
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seven billion barrels and that 
the maximum petroleum pro- 
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duction would be attained in 
1920 or 1921 at around 400 mil- 
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lion barrels per year and then 
annual production would gradu- 





ally fall off. One top ranking 
professor wrote that in ten 
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years, oil shale would be the 
country’s main source of petro- 
leum, and several major oil com- 
panies bought up large oil shale 








Fig. 2 


States has been a net importer of petroleum and 
petroleum products only since 1948, and the bal- 
ance of imports over exports in 1951 when the 
minimum import requirement was also (3.17/ 
8.17) x 2,245—870 million barrels per year was 
only 155 million barrels per year. Thus, for this 
latest statistically available year, net petroleum 
imports were only 18% of the minimum import 
requirement necessary in order that domestic pro- 
duction could be efficiently regulated without 
changes in the supply at the current price. If oil 
prices get considerably higher, production from 
oil shales and synthetics would obviate the import 
requirements. The crude oil production of the 
Western Hemisphere exclusive of the United 
States in 1954 was 980 million barrels, more than 
enough to fill the minimum import requirement of 
the United States after taking care of the needs 
of the rest of the hemisphere. 

With a rate of depletion of 5° of the life of 
the present American oil reserves would be 
twenty years. This does not mean that in twenty 
years the United States will run out of oil. Everv 
year, more petroleum is found than is produced 
in this country. See table 1. These discoveries, 
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reserves. In 1920, Kettering, of 
General Motors, told the Ameri- 
can Petroleum Institute that the 
auto industry was worried over 
the inadequacy of the future in- 
ternal combustion fuel supply. Such pessimism 
as this certainly does not exist now in General 
Motors as every year, lately, it increases horse- 
power ratings and helps to get rid of all the 
country’s oul. 

There really is still quite a bit of crude oil left 
according to Wallace E. Pratt. Considering that 
in the United States 900 thousand square miles 
of land are favorable for the discovery of oil, and 
that in favorable areas one to two per cent of the 
area does yield oil, he set the ultimate produc- 
tion of the country at 100 billion barrels, 43 bil- 
lion of which had been produced by January 1, 
1952. The rest of the world, which has 95% of the 
land area but only 87% of the favorable oil area, 
should eventually produce 600 billion barrels, Ac- 
cording to F. A. Howard the ultimate yield of 
petroleum in the United States is from 80 to 225 
billion barrels, Neither of these estimates consid- 
ered secondary production which may boost ulti- 
mate production another 20% or tidelands oil 
which would account for another few billion, At 
the current rate of production, Pratt’s figure gives 
American oil fields another 26 years while How- 
ard’s gives as many as 83 years. 
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As time goes on, American oil will become 
scarcer and scarcer; prices will rise and imports 
will grow. When prices reach a certain level, oil 
shale and synthetic fuels will have their hey days. 
An awful lot of petroleum products can be pro- 
duced from oil shales and sands, natural gas and 
coal and coal gas. 

The U. S. Geological Survey has studies of oil 
shale deposits in Colorado, Utah and Wyoming. 
It is estimated that, with a 25% recovery, 92 bil- 
lion barrels of recoverable shale are held by these 
deposits. One deposit near Rifle, Colorado holds 
nearly 48 billion barrels, more than this country 
has used to date. Abroad, reserves of 32 billion 
barrels are known. The undiscovered reserves of 
shale oil must be tremendous. 

The Canadian government and 
private interests have studied 
the Athabaskan tar sands of 
northern Alberta. 100 to 250 
billion barrels of recoverable 
crude Oil has been estimated as 
the deposits potential. Lesser 
such tar deposits are known in 
the United States. 

Polymerization of natural gas 
may account for more produc- 
tion. From the current gas re- 
serves of 141 trillion cubic feet, 
Ospinas-Racines found that if all 
of the reserves were converted 
into gasoline and diesel fuel, the 
United States could produce an- 
other 14 billion barrels of petro- 
leum products. The rest of the 
world could produce six times as 
much, or 84 billion barrels. Some 
such conversion is going on com- 
mercially at present, but there 
is a further limit on the process 
than the amount of natural gas. 
Natural gas has a value in its 
original state and a large part of 
it will be used as such. 

Coal can be converted into oil 
either by first converting it into 
water gas, and then into gaso- 
line and diesel fuels, or by hy- 
drogenation. From 3,420 billion 
tons of coal reserves in the Unit- 
ed States, synthesis by coal gas- 
sification could yield 5,500 billion 
barrels of oil products. Foreign 
coal reserves of 4,110 billion 
tons could yield 6,600 barrels. 
Of course, in the far future when 9° 
the fuel supply is in a more crit- vA 
ical condition, coal will be used 
directly rather than by conver- 
sion first to oil, since more 
B.T.U.’s can be obtained that 
way. 

The total reserves of world oil 
from oil wells, oil shales and 
sandstones, and synthesis from 
coal and natural gas are over 


£1.22 





13,000 billion barrels. At the 1945 


world consumption rate of 3.4 
billion barrels per year in 1951, 
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these reserves would last till the year 5800. The 
market for oil on January 1, 5800 is doubtful. Per- 
haps by then atomic energy will have replaced oil 
as oil has replaced coal as the principal American 
fuel. 

Various investigators have looked into the cost 
of oil production by the various methods cited 
above. The United States Bureau of Mines has 
set up pilot plants for the production of oil from 
oil shales and from coal. Private companies have 
carried out their own investigations, while the ac- 
tual emergency production of synthetic fuels in 
Germany during the Second World War gives 
further cost data. 





OIL INDUSTRY 
RATE OF 
RETURN ON 
NET WORTH 
MANUFAC TURING 
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According to Fuchs, the cost er barrel of crude 
oil from oil shale as determined by major oil com- 
anies is about $4.00. E. V. Murphree, president of 
Standard Oil Development Co. in 1948 estimated 
that when a barrel of crude costs $5.28, gasoline 
can be produced at the same cost from oil shale. 
The figure for coal gassification of Murphree is 
$5.90 while W. S. Farish, president of Standard 
Oil Co. of New Jersey in 1942 gave a cost of $4.68 
per barrel. Synthesis from coal by hydrogenation 
according to Farish had a crude oil equivalence 
figure of $5.53. Consequently gassification is the 
cheaper of the two methods of gasoline synthesis 
from coal. 

If we take Murphree’s estimates as the best 
since they are the most recent, we see that gaso- 
line can be produced from oil shale at a cost of 
22.1 cents per gallon and from coal at a cost of 
24.1 cents per gallon. The present cost per gallon 
is about 14.1 cents. Whenever it rises to 22.1 cents 
for a sizeable period of time, that is, once crude oil 
costs $5.28 per barrel for the period, gasoline from 
oil shale will be a commercial process. 


The average price of crude oil must be $5.28, 
and not its peak value, for the oil shale industry 
must continue producing in order to keep the gaso- 
line cost at only 22.1 cents per gallon. (Amortiza- 
tion has been included in these cost figures.) Re- 
ferring to the petroleum price cycle of figure 1, 
we see that the average price of crude oil during 
the 1875-1915 cycle was $0.92, and during the 
1915-1945 cycle was $1.31. Although the present 
price is about $2.60, the average price for this 
cycle may be well below $2.60. The time when a 
cycle averages $5.28 per barrel of crude, seems 
quite remote. To date, the peak price of a barrel of 
crude oil has not even been that high. Certainly 
for less than $5.28 per barrel, the United States 
should be able to attract much more foreign oil to 
its markets. Thus between now and the apparently 
far future period when shale oil starts getting pro- 
duced, the United States will have to import an 
increasing fraciton of petroleum and petroleum 
products. After all, in the whole world there are 
630 of an original 700 billion barrels of crude oil 
left waiting for the oil wells to tap them. 


CALIFORNIA 


ADDITIONS TO OiL RESERVES VS. PRODUCTION 
1940 TO 1953 INCLUSIVE 


Recerves e€6e6 by Eatoncions 
end Revisions 

we Reserves O6606 by New Ficlé ond 
New Pool Diseoverion 


ANNUAL 


MILLIONS OF BARRELS 


PRODUCTION 


MILLIONS OF BARRELS 


w Figure No. 2 
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\n SPORTS or BUSINESS 


Wohl you ah rath, be 


WINNING sido Z 


The thrills you’ve known in sports — 
the racy, heady feeling of knowing what it’s like to win — 
are close kin to the excitement of working with a company 
which competes with its own achievements. 


For Sikorsky’s are winners — 
engineered by men who never lose the thrill of winning. 


Yet “winning” and breaking records are only by-products 
in Sikorsky’s never-ending quest of perfection. 
Today the research departments, drafting rooms, engineering laboratories 
are busy fitting this most versatile of aircraft 
to ever more demanding military and peacetime uses. 


Many engineering skills and abilities are needed. 
Perhaps yours. If you are intezested in an industry which has only 
scratched the surface of its potentials, then Sikorsky may be for you. Promising 
engineers find a good beginning — a winning future — at Sikorsky. 
Consult your College Placement Office concerning arrangements 
for a personal interview. 


IKORSKY HELICOPTERS 


Sikorsky Aircraft, one of the divisions of United Aircraft Corporation, South Avenue, Bridgeport 1, Conn. 
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A Tower of 
Opportunity 


for America’s young 
engineers with capacity for 
continuing achievements in 

radio and electronics 


Today, engineers and physicists 
are looking at tomorrow from the 
top of this tower ... the famed 
Microwave Tower of Federal 
Telecommunication Laboratories 
...a great development unit of 
the world-wide, American-owned 
International Telephone and 
Telegraph Corporation. 

Here, too, is opportunity for 
the young graduate engineers of 
America . . . opportunity to be 
associated with leaders in the 
electronic field ...to work with 
the finest facilities .. . to win rec- 
ognition...to achieve advance- 
ment commensurate with 
capacity. 

Learn more about this noted 
Tower of Opportunity...its long- 
range program and generous em- 
ployee benefits. See your Place- 
ment Officer today for further in- 
formation about FTL. 


INTERESTING 
ASSIGNMENTS IN— 4 
Radio Communication Systems : D-86 
- em Subes | DRILLING—Derrick-man's customary view of drilling operations at an oil well. 
penne ae hse: at | | Picture taken from up in the derrick shows the "stands" of pipe stacked after 
©] | being withdrawn from the hole and a member of the crew adding a new 


Air Navigation Systems : 
Missile Guidance f "stand" to the stack after its removal from the "'string.” In the center is the 


Transistors and otfer } 
Semiconductor Devices rs rotary turntable. 


Rectifiers *° Computers * Antennas 
Telephone and 
Wire Transmission Systems 


Federal 
Telecommurication 


Laboratories eg 


A Division of International 
Telephone and Telegraph Corporation 
500 Washington Avenue, Nutley, N. J. 
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water works even when you’re asleep! 


This particular need for water isn’t acute. 


But if... as so many students have . . . you elect the challenging field of 
Sanitary Engineering for your future, you'll come up against many more 
problems of supplying, distributing, maintaining an adequate supply of 


water for homes and industries in a thirsty world. 


Here. you can count on the help of one valuable ally... cast iron pipe. 
Practically every city in America—large or small—uses it for water and gas 
mains... and over 60 of them have been served by cast iron pipe for a 


centu ry or more. 


On its record, cast iron pipe is Man’s most dependable carrier of water. 


CAST IRON PIPE RESEARCH ASSOCIATION 


Thos. F. Wolfe, Managing Director, 122 So. Michigan Avenue, Chicago 3, III 


® 


CAST IRON PIPE civrcnics 
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Base for supporting refinery tower, provided 
with Grinnell Spring Hangers for flexible 


support. 


Grinnell Spring Hangers on large vessel 
of catalytic cracking unit in oil refinery. 


To support loads 
that won’‘t stand still... 


GRINNELL PRE-ENGINEERED 
SPRING HANGERS 


There are many industrial installa- 
tions where heavy loads must be 
firmly, but flexibly, supported to 
keep them under control. Thermal 
expansion and contraction, of 
course, can move ponderous ob- 
jects many inches. Shock and vibra- 
tion, too, can make rigid support of 
heavy loads hazardous, due to pos- 
sible serious trouble at terminals. 


@ Maximum variation in supporting force 
per 12” of deflection is 101% of rated 
capacity —- in all sizes. 


Precompression* assures operation of 
spring within its proper working range, 
as well as saving valuable erection time. 
Reduced over-all height saves space. 


Solid steel casing protects spring from 
damage and weather. Guides assure 


For installations such as these, 
more and more engineers are turn- 
ing to flexible supports by Grinnell. 
Grinnell Variable Spring Hangers 
are pre-engineered to minimize 
changes in supporting force over 
total range of movement. Here are 
the important features that let these 
units turn in a star performance 
in a supporting role: 


continuous alignment and concentric 
loading of spring. 


18 sizes available from stock — load 
ranges from 53 Ibs. to 12,000 Ibs. 


Easy selection of proper sizes from 
simple capacity table. 


Installation is simplified by integral 
load scale and travel indicators. 


*Precompression is a patented feature. 


GRINNELL 


AMERICA’S #1 


SUPPLIER OF 


PIPE HANGERS AND SUPPORTS 


pipe and tube fittings © 


ee, 
fi = 


EN 


GO 


Grinnell Company, Inc., Providence, Rhode Island 


welding fittings ° 
* pipe ¢* prefabricated piping * plumbing and heating specialties * water works supplies 
Grinnell automatic sprinkler fire protection systems 


< Ly _} Grinnell-Saunders diaphragm valves 
Rey industrial supplies ° 


va 
GINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 


Induced draft duct and blower in power 
station. Operates at about 500°F. Sup- 
ported by Grinnell Spring Hangers. 














VARIABLE SPRING HANGER 
FIG. B-268 


Fig. B-268, Type A, is designed for 
attachment to its supporting mem- 
ber by screwing a rod into a bush- 
ing in the top cap of the hanger. 
Adjustment of the hanger load is 
accomplished by turning the turn- 
buckle on the lower hanger rod 
until the hanger picks up the load 
and the load indicator points to 
the desired position. Six other types 
of attachment are available. 

Grinnell Variable Spring Hang- 
ers are also available in half sizes 
(Fig. B-82); and in double spring 
sizes (Fig. B-98). 


* Coast-to-Coast Network of Branch Warehouses and Distributors 





engineered pipe hangers and supports °* Thermolier unit heaters 


* valves 


° Amco air conditioning systems 
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Globe Circling Seeks will become a reality during your 


engineering caree7. 


When that day comes, you may be certain 
our engineers will have played a major 
role in developing the nuclear engines 
that will make such flights possible. 
Solving tough problems like this has 

made Pratt & Whitney Aircraft the 
world’s foremost designer and 

builder of aircraft engines. This 

is the reason why it is first-choice of so 
many forward-looking technical graduates. 


PRATT & WHiTNEY AIRCRAFT 


DIVISION OF UNITED AIRCRAFT CORPORATION 
EAST HARTFORD 8, CONNECTICUT 





SY Moca e 
@ LEARN BY DOING—Fach year thousands of boys and girls learn how to become better tarmers and better citizens through 
4-H Awards Programs, such as the Entomology Program sponsored by Hercules. Top awards are college scholarships. Hercules’ 


interest in improved farming methods stems from its development of agricultural chemicals, notably toxaphene for insecticides. 


HOW HERCULES HELPS... 


Most businesses are helped today by Hercules’ business . . . the 
on ... MAKE WASHDAY EASIER 


production of synthetic resins, cellulose products, chemical cot- 

ton, terpene chemicals, rosin and rosin derivatives, chlorinated 
products, and many other chemical processing materials—as well ¢ 
as explosives. Through close cooperative research with its cus- 

tomers, Hercules has helped improve the processing or perform- 

ance of many industrial and consumer products. 


... DRESS UP-AUTOS 


STANDARD MODELS and plastic-bodied 
sports cars alike rely on nitrocellulose 
lacquers for durability and beauty. In 
the manufacture of these polyester lam- 
inates, such as this car door, Hercules 
hydroperoxides act as the catalyst in 
their polymerization. e 


@ WHITER, BRIGHTER CLOTHES—Hercules® CMC is a 
key ingredient in detergents . . . suspends soil, prevents 
its redeposition on clothes. This excellent property of 
suspension enables Hercules CMC to serve in a variety of 
consumer and industrial products. 


‘HERCULES POWDER COMPANY 


| , 
HERCULES 
Wilmington 99, Delaware. Sales Offices in Principal Cities, 
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The field of elementary par- 
ticle physics is perhaps the most 
active and interesting and, at 
the same time, the most baffling 
of all the fields of present-day 
physics. The profusion of “ele- 
mentary particles” is something 
to give pause to the physicist 
who is trying to develop an all- 
inclusive theory of the physical 
world, After the discovery of 
the neutron in 1932, there then 
existed three known ‘“elemen- 
tary particles”, the neutron, the 
electron, and the proton, It was 
thought at that time that these 
were THE particles of which 
all matter was composed. The 
trouble with this theory is that 
there exist between nucleons 
(nucleon is a collective term, 
designating either proton or 
neutron) forces which are en- 
tirely different from the usual 
gravitational or electromagnetic 
ones. These forces are characterized by their ex- 
tremely short range, by their large magnitude, 
and by the fact that they seem to be independent 
of whether the particles concerned in the inter- 
action are protons, neutrons, or an admixture of 
the two; independent, in other words, of the elec- 
trical charge of the particles concerned. These 
were the perplexing experimental facts in 1935. 
Hideki Yukawa, a Japanese theoretician, put 
forth an interesting theory to explain them. He 
postulated the existence of a new particle to 
which he gave the name “meson’”—meaning a 
particle of mass intermediate between the mass 
of the electron and the mass of a nucleon. The 
purpose of introducing this seeming complica- 
tion was to explain nuclear forces on the basis of 
a process of continual emission and absorption 
of particles of this type between neighboring nu- 
cleons. This “virtual meson current” seemed 
quite reasonable and high hopes were placed on 
the theory. These hopes were raised considerably 
by Anderson and Neddermeyer’s discovery two 
years later of a mysterious particle in cosmic 
rays. This particle, which was called the mu- 
meson, at first glance had the characteristics of 
the “Yukawa particle’; its mass was about 
right: 210 m,'; it was produced in high-energy 
interactions of particles with nuclei; it was un- 
stable; but there were three jokers in this pic- 
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elementary particles | 


by Malcolm. A. MacLeod, '55 









ture. The first was that if the mu-meson was ac- 
tually associated with the nuclear force field, a 
strong interaction with nucleons should be ob- 
served; quite to the contrary, no interaction was 
observed. The second point that gradually became 
clear was that while theory predicted very defi- 
nitely that a slow mu should have an extremely 
high probability of being captured by a nucleus, 
nearly all of them decayed into an electron and 
two neutrinos with a fairly long lifetime (the 
neutrino is another particle which was introduced 
to conserve momentum in the beta-decay proc- 
ess, but which proved to be useful in other ways, 
such as explaining mu-e decay). The third point 
came from the attempt to bring the mu-meson 
into the theory of beta-decay. Yukawa tried to 
explain beta-decay as the transformation of a 
proton to a neutron plus one of these mesons, 
which then underwent decay into an electron and 
a neutrino; this process requires the mu to have 
integral spin. When it became apparent that the 
mu decayed into an electron (half-integral spin) 
and two neutrinos (half-integral spin), it was at 
once obvious that this was incompatible with the 
proposed theory for bet-decay, since this required 
the mu to have half-integral spin. Thus the mu- 
meson seemed to have very little to do with nu- 
clear forces. At this point it would seem that we 
were much further from a comprehensive theory 
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BE. E. or than ever, since we could not ex- 
plain the nuclear forces on the 
PHYSICS basis of experimental evidence, 
but we also had an additional 
GRADUATES particle to reckon with as well; 
| however, things were not as bad 
with experience in as they seemed. 


RADAR or . As more and more experimental 

e\ data was amassed, it soon became 
ELECTRONICS clear that there were other me- 
sons besides these useless mu’s. 
| Powell’s group at Bristol turned 
these areas... , | up what they dubbed pi-mesons, 
| which were unstable also, decay- 
ee a ee ' ; | ing into a mu plus a neutrino. 


or those desiring to enter 


Gradually it became obvious 
that it was this particle that 
Yukawa had predicted. Mu and 
pi-mesons can carry either posi- 
tive or negative electric charge; 
the positive variety of either 
would not be expected to inter- 
act strongly with nuclei, since 
nuclei are positively charged. 


However, the negative variety 
Hughes-equipped would be expected to interact 
oake with nuclei, since they would be 
— drawn in by the electromagnetic 
forces exerted upon them. It 
was seen above that the muons, 
as they are called for short, did 
not interact strongly with nu- 
clei; pions do. Moreover, it was 
discovered that the pion has in- 
| tegral spin, thus suggesting 
The time was never more strongly that it is asso- 
more opportune than now | ciated with the beta-decay proc- 
ess. At this point (about 1948) 
powerful techniques and meth- 
ods were brought to bear on the 
investigation of these problems. 





for becoming associated 
with the field of 
advanced electronics. 
Because of military 
emphasis this 
is the most rapidly The use of “nuclear emulsions” 
Since 1948 Hughes Research and Develop- We growing and promising —thick photographic emulsions 
ment Laboratories have been engaged in sphere of endeavor used to record the tracks of 1on- 
an expanding program for design, devel- for the young electrical Feta particles—was greatly In- 
opment and manufacture of highly com- engineer or physicist. creased; high-energy particle 
plex radar fire control systems for fighter accelerators é began to produce 
and interceptor aircraft. This requires | mesons artificially, beginning 
Hughes technical advisors in the field to with the Berkeley cyclotron 
serve companics and military agencies em- under the direction of Lattes 
ploying the equipment. SCIENTIFIC AND | and co-workers, In the follow- 
As one of these field engineers you will ENGINEERING STAFF ing ae ene Ho pe 
become familiar with the entire systems in- production and propertics o 
volved, including the most aad elec- HUGHES mesons increased at an cnor- 
tronic computers. With this advantage you RESEARCH AND mous rate; with the additional 
will be ideally situated to broaden your DEVELOPMENT information came _ additional 
experience and learning more quickly for LABORATORIES problems, however. More par- 
future application to advanced electronics ticles were found, with proper- 
activity in either the military or the com- Culver City, ties distinct from the properties 
mercial field. Los Angeles County, of the pion and muon, The addi- 
Positions are available in the continental California ; tional information about the 
United States for married and single men pions and muons and the other 
under 35 years of age. Overseas assign- Relocation of applicant must types of particles will be dis- 


not cause disruption of 


ments are open to single men only. an urgent military project. | cussed in a subsequent article. 
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put 
yourself in 
his place... 


A year ago he was knee-deep in textbooks, 
plugging for his B.S. Tonight he’s on his 
way to Vancouver, or Miami, or Portland, 
Maine. Tomorrow he’ll help an Alcoa cus- 
tomer make a faster ship, a stronger shovel, 
a lighter highway trailer. 

In Alcoa laboratories, plants and sales 
offices from coast-to-coast, ambitious young 
Sales Development Engineers are helping 
to make aluminum more useful, in more 
ways, to more people. We need more men 
just like them to help us meet ever-growing 
demands for Alcoa Aluminum . . . Alcoa 
*know-how”’. 


Maybe you are already thinking about 
trading your textbooks for a position in 
production supervision, industrial research 
or sales engineering. Tell us about it, give 
us an idea of your background in Chemical, 
Electrical, Mechanical, Metallurgical or 
Industrial Engineering. 

Good men go places fast with Alcoa, in 
their daily associations with leaders in the 
aluminum industry. Right now it may be 
quicker than you think from a seat in the 
classroom to your career with Alcoa. Why 
not find out? 


ane 
sail 
aaa 
Landaa 
=e 
bain. 
— 
— 
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Your Placement Director will be glad to 
make an appointment for you with our 
Personnel Representative. Or just send us 
an application, yourself. 

ALUMINUM COMPANY OF AMERICA, 1825 
Alcoa Building, Pittsburgh 19, Penna. 


ALUMINUM COMPANY OF AMERICA 


I 
} 
} i } ‘ : 
ALCOA ON TV brings the world to your armchair with ‘‘SEE IT NOW”’ featuring Edward R. Murrow. Tuesday evenings on most CBS-TV stations. 
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Now...as in 1896... 


there’s always room for ambition at Westinghouse 


George Westinghouse was the first recruiter of engineering 
college graduates . . . first to realize that ambitious young 
men, with the vision, drive and spontaneous enthusiasm 
of youth were the backbone of American industry. 

Going further than recruiting, Westinghouse has led in 
developing programs for training and helping young 
engineers to reach their goals. Its famous Graduate 
Student Program first shows them the many opportunities 
open to them at Westinghouse, and then helps them take 
advantage of the one they choose. Its million-dollar Edu- 
cational Center is the most advanced in industry. 

Is it any wonder that much of the success of Westinghouse 
has been due to engineers who came as graduate stu- 


MTU rh 
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dents and later directed the Company’s efforts. 

Here’s an exampie of Westinghouse leadership. The 
young engineer at the right is looking at the land-based 
prototype for our country’s first atomic submarine engine 
... designed and built by Westinghouse . . . working with 
the Atomic Energy Commission and the U. S. Navy. 

There can be a great future for you at Westinghouse. For 
professional development, Westinghouse offers its Gradu- 
ate Study Program, available at 19 universities from coast 
to coast, and leading to Master’s and Ph.D. degrees... 
plus other programs tailored to fit your needs and desires. 

Yes, there’s always room for ambitious men at West- 
inghouse . . . and we help them reach their goals. G-10284 


Ask your Placement Officer about career oppor- 
tunities at Westinghouse, or write for these two 
booklets: Continued Education in Westinghouse 
(describing our Graduate Study Program) 
and Finding Your Place in Industry. 


you can 6€ SURE... iF irs 


Westinghouse 


Write: Mr. R. E. Davis, Regional Educational 
Co-ordinator, Westinghouse Electric Corpora- 
tion, 10 High Street, Boston 10, Massachusetts. 
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UNLIMITED OPPORTUNITY... 


JOIN THE TEAM THAT BUILDS THE F-100 


North American's new F-100 Super Sabre is the supersonic result’of engineering minds 
designing where opportunity is unlimited. The same opportunity exists for you . . . because 
North American knows your future is important to aviation’s future... that your talent 
and training are vitally needed to help design tomorrow's aircraft. 

North American needs men with vision and a thorough technical background 
to help create and shape the new ideas which will build the advanced aircraft and 
aircraft components needed to assure America’s future in the air. 

Engineers at North American also find opportunities in the expanded programs in atomic 
energy, rocket engines, advanced electro-mechanical equipment and guided missiles. When 
the time comes for you to enter the engineering profession, consider the well-paid careers 
at North American. Write for information concerning your future in the aircraft industry. 


Contact: Your college placement office or write: Employment Director, 


5701 West Imperial Highway 12214 South Lakewood Blvd. North American Aviation, Inc. 
Los Angeles, Calif. Downey, Calif. Columbus 16, Ohio 


ENGINEERING AHEAD FOR A BETTER TOMORROW 











With teeth cut into it, this gear blank becomes 
an engine part. One manufacturer thought 
these blanks were costing him too much to 
make. The center hole had to be bored out of 
solid bar stock. It took one hour to make 29 
blanks. A lot of steel was wasted in the proc- 
ess. He took his problem to Timken Company 
metallurgists. After study, they recommended 
a change in production methods together 
with the use of Timken® seamless steel tubing. 








How TIMKEN’ seamless tubing helped 
quadruple production 








Because the hole’s already there in Timken 
seamless tubing, it doesn’t have to be bored 
out. No steel is wasted. Finish boring is now 

O the manufacturer’s first step. He can turn out 
120 to 130 gear blanks per hour with a 50% 
cut in machining costs. This is another one 
of the hundreds of rroblems that have been 
solved by Timken fine alloy steel. 











Want to learn more about steel 
or job opportunities? 


Some of the engineering problems And for more information about 
you'll face after graduation will the excellent job opportunities at 
involve steel applications. Forhelp the Timken Company, send for a 
in learning more about steel, write copy of “This Is Timken”. Ad- 
for your free copy of “The Story dress: The Timken Roller Bearing 
of Timken Alloy Steel Quality’. Company, Canton 6, Ohio. 


TRADE MARE REG U 5 PAT OFF, 


Fine Alloy 


SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS TUBING 
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, PHOTOGRAPHY AT WORK—No. 9 in a Kodak Series 


. 
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Richmond Station of the Philadelphia Electric Co. 


Weeks of work shrink to days as 


photography weighs mountains of coal 


Aero Service Corporation takes stereo pictures 
of the coal piles at a utility's 10 storage sites—reports 
the fuel reserves on a single inventory date at 
25% lower cost than with other methods 


It used to take a surveying crew weeks to measure and 
figure the contents of the Philadelphia Electric Co.'s big 
coal piles. Now a camera and an airplane work together 
to cut the time to days. Overlapping pictures are taken 
from the air. Then with stereo plotting equipment the 
volume of the heap is calculated. 


Streamlining the inventory job is a natural for pho- 
tography. It’s being used to count metal rods, automotive 
parts, telephone calls as well as tons of coal. But pho- 
tography works for business in many other ways as well 
—saving time, reducing error, cutting costs, improving 
production. 


Graduates in the physical sciences and in engineering 
find photography an increasingly valuable tool in their 
new occupations. Its expanding use has also created 
many challenging opportunities at Kodak, especially in 
the development of large-scale chemical processes and 
the design of complex precision mechanical-electronic 
equipment. Whether you are a recent graduate or a qual- 
ified returning service man, if you are interested in these 
opportunities, write to Business & Technical Personnel 


Dept., Eastman Kodak Company, Rochester 4, N. Y. 


Aero Service Corporation takes its stereo photographs and 
translates them into a contour map of 1-foot 

intervals. Each 1-foot stratum of the coal pile 

can then be measured with a planimeter 

and its volume computed. 


Eastman Kodak Company, Rochester 4, N. Y. 








WHERE PROGRESS IS UP TO YOU... 
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What will you add to 
jet engine progress ? 


New, dramatic advances being made at 
General Electric’s aircraft gas turbine 
operations bring into clear focus the 
vital role recent college engineering 
graduates play throughout the com- 
pany. Typifying such responsibility are 
R. W. Bradshaw, ME, Lehigh, ’48, re- 
sponsible for design of development 
engine controls and accessories, and 
B. C. Hope, EE, UCLA, ’49, supervisor 
of test programs for development of 
aerodynamic and mechanical compo- 
nents. 

In every field from electrical, me- 
chanical, metallurgical and aeronauti- 
cal engineering to physics and chemis- 
try, young men like these broaden their 
technical background in GE’s after-col- 


lege program of practical engineering 
assignments. In this program, as in his 
ultimate career, the engineer chooses 
the field and location—from the entire 
range of G-E activities including plas- 
tics, large electrical apparatus, elec- 
tronics, jet propulsion, automation com- 
ponents and atomic power. 

Working with world-renowned G-E 
engineers, you—like Bradshaw and 
Hope—can make important contribu- 
tions early in your engineering career. 
For full details on the G-E career suited 
to your talents and interests, see your 
college placement director, or write 
General Electric Company, Engineer- 
ing Personnel Section, Schenectady 5, 
New York. TR-1A 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 





